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Lv  the  following  tables  are  given  the  results  of  all  cases  of 
malignant  disease,  as  determined  by  microscopical  examina- 
tion, which  were  investigated  in  the  Cancer  Research  Labora- 
tories during  the  year.  The  material  was  derived  partly 
from  the  post-mortem  room  and  partly  from  the  operating 
theatre.  In  all,  163  cases  of  malignant  disease  (males  -57, 
females  106)  have  been  examined  microscopically.  All  of 
the  above  were  in-patients.  The  total  number  of  admissions 
to  the  hospital  as  in-patients  during  1U13  was  5,766*;  viz., 
'lA^'l  males  and  3,284  females.  In  ad<lition  II  males  and 
47  females  with  malignant  disease  were  admitted  to  the 
electrical  (out-patient)  department  for  X-ray  and  Radium 
treatment.  Histological  examination  was  not  made  in  these 
cases. 

*  These  fij^ures  do  not  include  174  patient«'adiiiitteil  to  observation  ward  ;  there 

were  381  births. 


2  REPORTS    FROM    THE 

Besides  the  cases  that  have  been  mentioned,,  certain 
patients  were  admitted  (either  to  the  general  wards  or  to 
the  special  wards)  in  which  the  diagnosis  was  not  made 
certain  by  histological  examination.  These  are  grouped  in 
two  classes  according  to  the  relative  probability  of  accuracy 
in  the  diagnosis. 

In  the  first  group,  the  diagnosis  was  founded  on  naked- 
eye  appearances  or  on  touch,  but  the  patients  were  either 
discharged  unrelieved  from  the  Hospital  at  their  own  request, 
or  else  left  after  palliative  or  exploratory  operation  (e.g., 
cases  of  gastrostomy,  colotomy,  &c.). 

In  the  second  group  the  diagnosis  was  made  upon  clinical 
grounds. 
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A  CONTRIBUTION  TO  THE  STUDY  OF  IN 
VITRO  PLASMA  CULTURES  OF  MOUSE 
CARCINOMA  AND  RAT  SARCOMA. 

By  0.  PRICE  JONES  and  J.  C.  MOTTRAM. 


The  object  of  this  cominunication  is  to  record  some  observa- 
tions on  plasma  cultures  of  mouse  carcinoma  ami  of  rat 
sarcoma. 

Methods. — -The  methods  adopted  in  this  research  were 
generally  similar  to  those  described  by  Carrel  and  other 
workers  with  in  vitro  cultures  of  tissues.  In  all  cultures 
freshly  prepared  plasma  was  used. 

After  many  trials  of  difierent  ways  for  obtaining  good 
and  sufficient  supplies  of  plasma,  it  was  found  most  satis- 
factory to  collect  the  blood  from  the  abdominal  vena  cava, 
whereby  much  time  was  saved,  and  no  dissection  being 
necessary,  there  is  less  risk  of  tissue  juice  contamination. 
The  animal  was  first  anivsthetised  with  ether  ;  the  abdomen 
was  then  opened,  and  on  turning  aside  the  intestines  to  the 
left,  and  slightly  raising  the  liver,  the  abdominal  vena  cava 
is  well  exposed.  A  sterilised  paraffined  glass  pipette  of  about 
5  cc.  capacity,  with  a  fine  drawn  out  pointed  nozzle,  bent  at 
an  angle  of  about  14o°  (cf.  Eig.),  is  introduced  into  the  vein. 
The  blood  at  once  rushes  up  into  the  vessel ;  by  adjusting  a 
piece  of  fine  rubber  tubing  to  the  end  of  the  pipette,  as  much 
blood  as  is  required  can  be  sucked  up  ;  this  arrangement  is 
preferable  to  using  a  teat,  as  the  pressure  can  be  more  easily 
controlled.  For  collecting  blood  from  the  mouse  the  pipette 
is  smaller,  an<l  has  a  much  finer  nozzle  than  that  used  for 
collecting  blood  from  the  rat. 

When  a  sufficient  quantity  of  blood  has  been  collected,  it 
is  blown  out  into  a  small  sterilised  and  paraffined  test  tube, 
surrounded  by  ice,  and  as  quickly  as  possible  transferred  to  a 
centrifuge,   and    spun    for  about  three   minutes;    the  super- 
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natant  plasma  is  then  drawn  up  into  small  sterilised  para- 
ffined glass  pipettes  provided  with  capillary  nozzles,  which 
are  then  sealed  in  a  flame,  and  kept  in  ice  ready  for  use. 

In  the  radium  experi- 
ments, the  portions  of  carci- 
noma and  sarcoma,  which 
were  selected  as  far  as 
possible  from  healthy,  pro- 
gressively growing  tumours, 
were  removed  from  the 
tumour-bearing  animals  a 
few  hours  before  collecting 
the  blood  and  before  the 
preparation  of  the  cultures, 
this  interval  depending  on 
the  length  of  time  chosen  for 
the  exposui-e  to  radiation. 
The  portions  of  tumour 
were  placed  on  plaques  of 
mica,  and  kept  in  the  ice 
chest,  or  at  room  tempera- 
ture, in  sterilised  Petri  dishes 
containing  a  small  quantity 
of  sterilised  Ringer  solution 
to  form  a  moist  chamber. 

In  each  observation  two 
portions  were  taken,  one 
being  exnosed  to  radium,  the 
other  (unexposed)  being  a 
control.  In  all  cases  the 
radium  used  was  a  7  mgr. 
capsule,  for  a  description  of 
which  see  12th  Cancer 
Report,  Middlesex  Hospital, 
1913,  p.  21.  The  capsule 
was  placed  over  the  tissue 
and  separated  from  it  by  a 
thin  plaque  of  mica.     Alpha  rays  were  thereby  excluded. 

After  the  appointed  interval,  varying  from  2i  to  18  houi-s, 
the  cultures   were   prepared  in   the    usual   manner   on  cover- 


Pipette  for  use  in  preparation  of  plasma 
for  in  ritru  cultures. 
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slii>s  inverted  tu'cr  woll  slides,  and  sealed   with   paratlin  ;   the 
cultures  were  then  placed  in  a  o7^'  C.  incubator. 

For  permanent  preparations,  the  specimens  were  fixed  in 
Carnoy's    Huid,  and    stained  over    nii,dit  in  dilute  (1  in  100) 

Ehrlirh's  luematoxylin. 

SERIES  A. 

Twelve  cultures  were  made  from  portions  of  rat  sarcoma 
which  had  been  exposed  to  the  7  mgr.  capsule  for  'Ij  hours  at 
room  temperature. 

Eight  control  cultures  were  made  from  portions  of  the 
.same  tumour  which  had  not  been  radiated. 

After  '24^  hours  incubation,  i)  of  the  radiateil  cultures 
showed  extrusion  of  spindle  cells,  and  6  of  these  cultures 
were  described  as  "  excellent."  Of  the  controls  only  o  showed 
cell  extrusion,  '2  of  these  w.ere  "excellent." 

One  of  the  radiated  cultures  was  fixed  and  stained  ;  the 
nuclei  of  many  cells  were  degenerated,  either  pyknotic  or 
faintly  stained,  but  in  some  the  nuclei  were  healthy  ;  there 
was  no  evidence  of  mitotic  figures. 

On  the  second  day  one  radiated  and  one  control  culture 
were  fixed  and  stained  ;  both  presented  degenerated  appear- 
ances^ and  there  were  no  signs  of  mitotic  processes. 

On  the  fourth  day  most  of  the  remaining  cultures  were  fixed 
and  stained  :  the  degenerated  appearances  were  very  marked 
both  in  the  radiated  and  non-radiated  cultures,  and  in  none 
was  there  evidence  of  mitosis;  in  the  cultures  multinucleated 
cells  and  cells  containing  fragmented  nuclei  were  commonly 
met  with. 

In  this  series  the  radiated  cultures  showed  more  vigorous 
extension  of  cells  than  the  control  cultures.  Degenerative 
changes  appeared  early  and  were  noted  in  all  the  cultures. 
In  the  stained  specimens  there  was  no  evidence  of  mitosis. 

SERIES  H. 
Twelve  cultures  were  made  with  normal  rat  plasma  from 
portions  of  rat  sarcoma  which  had  been  exposed  to  the  7  lugi". 
capsule  for  3.^  hours  in  the  ice  chest.  Twelve  cultures  were 
made  from  portions  of  the  same  tumour  which  had  not  been 
i:adiated,  but  which  were  kept  in  the  ice  chest  for  :]\  hcnirs. 
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After  24  hours  inculjation,  10  of  the  radiated  cultures 
showed  good  extrusion  of  cells,  and  4  cultures  were  described 
as  "  excellent " ;  of  the  non-radiated  cultures,  8  showed 
extrusion  of  cells,  but  these  were  usually  only  few  in  numl)er, 
and  only  one  culture  was  described  as  "  excellent." 

On  the  second  day  3  radiated  cultures  and  one  non- 
radiated  were  lixed  and  stained.  In  all  cases  many  cells 
were  degenei-ated  and  showed  fragmented  nuclei,  but  in  none 
was  there  any  evidence  of  mitosis. 

On  the  third  day  o  cultures  in  each  set  were  degenerated 
or  contaminated  and  were  discarded,  and  the  remaining 
cultures  were  tixed  and  stained.  Of  these,  one  of  the  non- 
radiated  cultures  showed  5  cells  with  mitotic  hgures ;  in  all 
the  others  signs  of  mitosis  were  absent. 

The  radiated  cultures  showed  more  vigorous  extrusion  of 
cells  than  the  control  cultures.  Degenerative  changes 
appeared  early.  In  the  stained  specimens  there  was  no 
evidence  of  mitosis. 

SERIES  C. 

Twelve  cultures  were  made  from  portions  of  mouse  car- 
cinoma which  had  been  exposed  for  -^  hours  to  the  Tmgr. 
capsule,  at  room  temperature. 

Twelve  control  cultures  were  made  from  portions  of  the 
same  tumour  which  had  not  been  radiated. 

After  24  hours  incubation,  3  of  the  radiated  and  8  of  the 
control  cultures  showed  extrusion  of  spindle  cells. 

On  the  second  day  8  radiated  and  9  controls  showed 
"  growth." 

On  the  third  day  2  of  each  set  of  cultures  were  lixed  and 
stained.  In  the  radiated  specimens  there  were  spindle 
shaped  and  round  cells,  but  no  cells  with  mitotic  figures,  the 
nuclei  in  most  cases  being  shrunken  and  degenerated.  In 
the  non-radiated  cultures  no  cells  with  mitotic  figures  were 
observed,  but  the  nuclei  appeared  healthy. 

The  remaining  cultures  were  inoculated  into  mice  with 
negative  results  in  all  cases. 

In  this  series  the  radiated  cultures  did  not  show  any- 
more vigorous  extrusion  of  cells   than  the   control   cultures. 
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DejxoiU'iativo  chani;es  avoi\'  not  very  pronounced  on  the 
third  day.  None  ot"  the  stained  specimens  sliowed  evidence 
of  mitosis. 

SERIES  D. 

Seventeen  cultures  vrere  made  in  normal  rat  plasma  from 
portions  of  rat  sarcoma  wliicli  had  been  exposed  to  the  7  mi;r. 
capsule  for  four  hours  at  room  temperature,  and  1)  cultures 
were  made  from  portions  of  the  same  tumour  v^bich  had  not 
been  radiated. 

After  1^4  hours,  g'ood  extrusion  of  spindle  cells  was  seen  in 
14  of  the  radiated  and  in  7  of  the  non-radiated  cultures ;  the 
activity  of  the  radiated  cultures  was  certainly  greater  than 
that  of  the  controls. 

On  the  third  day,  after  discarding  8  cultures  which  showed 
liquefaction,  the  remaining  18  cultures  were  washed  in 
Ringer's  solution  for  oO  minutes  and  then  sulx'ultured  in 
fresh  rat  plasma. 

After  '2i  liours  incubation,  (i  of  the  radiated  and  3  of 
control  cultures  showed  no  "growth,"  but  2  radiated  cultures 
were  "  excellent,"  and  -5  others  showed  extrusion  of  spindle 
cells. 

One  of  the  "excellent"  radiated  cultures  was  fixed  and 
stained,  and  showed  one  cell  with  an  abnormal  mitotic 
appearance,  and  another  cell  which  was  doubtful  ;  the  other 
'•'excellent"  radiated  cultures  were  stained  on  the  following- 
day  and  showed  '2  cells  with  abnormal  metaphase.  One 
control  culture  was  stained  and  showed  12  cells  in  mitosis. 

After  discarding  liquefied  and  abortive  specimens,  11  cul- 
tures were  washed  in  Ringer's  solution  for  oO  minutes  and 
subcultured  in  fresh  rat  plasma. 

After  24  hours  incubation,  .'>  radiated  and  2  control 
cultures  showed  cell  extrusions,  tlie  remaining  cultures  were 
negative.  Two  days  later  the  o  positive  cultures  were  fixed 
and  stained.  Of  the  radiated  cultures,  one  was  damaged  in 
fixing,  but  showed  great  cell  degeneration  and  no  evidence  of 
mitosis,  and  the  other  2  cultures  were  also  very  degenerated 
and  free  from  mitotic  figures.  Both  the  control  cultures 
were  good  specimens,  one  showing  21  cells  with  mitotic 
figures,  and  the  other  which,  owing  to  its  thickness  could 
only  be  partly  examined,  showed  8  cells  with  mitotic  figures. 
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In  this  series  the  proportion  of  "  takes  "  was  good.  The 
radiated  cultures  showed  more  vigorous  extrusion  of  cells 
than  the  control  cultures. 

Signs  of  degeneration  did  not  appear  earl}-  in  any  marked 
degree. 

Of  the  stained  specimens,  all  subcultures,  2  out  of  o 
radiated  cultures  showed  2  cells  with  ahnormal  doubtful 
mitoses  :  o  non-radiated  specimens  all  showed  cells  in  mitosis. 


SERIES    E. 

Fourteen  cultures  were  made  from  portions  of  mouse 
carcinoma  which  had  been  exposed  for  4  hours  to  the  7  mgr. 
capsule,  at  room  temperature. 

Twelve  control  cultures  were  made  from  portions  of  the 
same  tumour  which  had  not  been  radiated. 

After  24  hours,  4  i-adiated,  and  o  control  cultures  showed 
extrusion  of  cells.  One  culture  of  each  set  was  dried  up  and 
was  discarded. 

On  the  second  day  7  (-50  per  cent.)  of  the  radiated  cultures 
showed  good  "growth,"  i.e.,  extrusion  of  numbers  of  cells; 
9  (7-5  per  cent.)  of  the  controls  also  showed  good  growth. 
Of  the  radiated  cultures,  5  were  either  dried  or  liquefied  and 
were  discarded,  and  one  was  fixed  and  stained  ;  this  specimen 
showed  more  or  less  degeneration  of  the  cells  and  their  nuclei, 
and  there  was  no  evidence  of  mitosis.  Of  the  control 
cultures,  2  were  discarded,  and  1  was  fixed  and  stained,  and 
showed  degeneration  of  the  cells  and  absence  of  mitosis. 

On  the  third  day  the  7  remaining  radiated  cultures  and 
8  of  the  9  controls  showed  good  extrusion  of  cells,  but  in  all 
cultures  the  degenerative  appearances  were  more  marked. 
These  cultures  were  then  opened  and  received  fresh  plasma  ; 
in  some  cases  the  central  mass  was  removed  and  subcultured, 
without  washing. 

On  the  fourth  day  only  3  of  the  radiated  and  G  of  the 
control  cultures  showed  any  fresh  extrusion  of  cells,  and  the 
degen  ration  appearances  were  ver}'  marked. 

On  the  sixth  day  4  radiated  and  0  control  cultures  showed 
cell  extrusion. 


MOUSE    CARCINOMA    AND    RAT    SARCOMA.      i'7 

Oil  the  ninth  day  'A  control  cultures  were  fixed  and  stained, 
and  all  showeil  degenerated  cells  and  absence  of  mitosis. 

(^n  the  tenth  day  the  radiated  cultures  ai4ain  received 
fresh  plasma,  but  all  failed  to  "  urow,"  savini;-  t)ne  which  was 
fixed  and  stained,  and  showed  degenerated  cells,  often  with 
frai,nuenteil  nuclei,  and  in  no  case  were  thi're  any  si^nis  of 
mitosis. 

The  remaining  cultures  failed  to  show  fresh  cell  extrusion, 
and  were  finally  discarded  on  the  fourteenth  day. 

In  this  series  7-')  per  cent,  of  the  control  cultures  were 
good,  and  the  radiated  cultures  did  not  exlul)it  any  more 
vigorous  extrusion  of  cells  than  the  controls.  Degenerative 
changes  appeared  early.  None  of  the  stained  specimens 
showed  mitosis. 


SERIES    F. 

Twelve  cultures  were  made  from  portions  of  mouse 
carcinoma,  which  had  been  exposeil  for  18  hours  to  the 
7  mgr.  capsule,  in  the  ice  chest. 

Twelve  control  cultures  were  made  from  portions  of  the 
same  tumour  which  had  not  been  radiated,  and  were  kept  in 
the  ice  chest  for  18  hours. 

After  24  hours  incubation  at  37°  C,  10  of  the  radiated 
cultures  sliowed  extrusion  of  cells,  and  in  2  cases  there  were 
large  numbers  of  these  cells,  so  that  the  cultures  were  noted 
as  being  "  excellent."' 

Ten  of  the  control  cultures  also  showed  "growth,"'  and  in 
one  case  the  culture  was  marked  "  excellent." 

On  the  second  day  degenerated  change.^;  were  noticed  in 
nearly  every  culture. 

Later,  a  number  of  both  sets  of  cultures  were  fixed  and 
stained,  and  all  showed  much  degeneration  and  no  signs  of 
mitosis. 

All  cultures  were  finally  discarded  on  the  eleventh  day. 

The  radiated  cultures  showed  rather  more  vigorous  extru- 
sion of  cells  than  the  controls.  Degenerative  changes 
appeared  early.  None  of  the  stained  specimens  showed 
niitcsis. 
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SERIES  G. 

Seven  cultures  were  made  from  portions  of  rat  sarcoma  in 
immune  rat  plasma,  0  control  cultures  were  made  from  the 
same  tumour  in  normal  rat  plasma.  After  24  hours  incuba- 
tion (2  cultures  in  each  set  were  broken),  o  of  the  immune  and 
3  of  the  normal  cultures  showed  cell  extrusion. 

On  the  fourth  day  2  immune  and  o  normal  cultures  were 
in  healthy  condition  and  were  stained.  In  one  of  the  immune 
cultures  18  cells  showed  mitotic  figures,  but  in  the  other  2 
the  nuclei  were  degenerate  and  no  mitosis  was  present.  Of 
the  3  normal  cultures,  one  showed  40  cells  with  mitotic 
figures,  but  in  the  other  2  cultures  the  nuclei  were  degenerated 
and  fragmented,  and  no  evidence  of  mitosis  was  noted. 

In  this  series  the  proportion  of  "  takes  "  is  not  very  high. 
Of  5  stained  specimens,  2  showed  evidence  of  mitosis. 

No  especial  ditterence  is  noticeable  between  the  two  sets 
of  cultures. 

SERIES  H. 

Twenty-four  cultures  of  rat  sarcoma  were  made,  8  with 
autogenous  plasma,  8  with  immune  plasma,  and  8  with 
normal  rat  plasma. 

After  24  hours  incubation,  6  autogenous  cultures  showed 
extrusion  of  cells,  and  4  of  these  cultures  were  described  as 
"  excellent "  ;  0  immune  cultures  showed  extrusion  of  cells, 
and  2  of  these  cultures  were  "  excellent"  ;  5  normal  cultures 
showed  extrusion  of  cells,  but  in  4  only  a  few  cells  were 
extruded. 

One  culture  from  each  set  was  fixed  and  stained ;  the 
autogenous  culture  showed  no  evidence  of  degeneration,  and 
5  cells  wnth  mitotic  figures  were  noted  ;  the  immune  culture 
showed  no  degeneration,  and  one  cell  in  mitosis  was  noted  ; 
the  normal  culture  showed  only  a  few  branched  spindle  cells, 
and  no  cells  with  mitotic  figures  were  noted. 

On  the  second  day  2  autogenous,  1  immune,  and  1  normal 
cultures  were  fixed  and  stained.  One  autogenous  culture 
showed  some  degenerated  cells,  and  one  cell  in  mitosis;  the 
other  presented  similar  slight  degeneration  and  2  cells  with 
mitotic  figures.  The  immune  culture  showed  ver}^  little 
degeneration,    and    8    cells    contained    mitotic    nuclei.       The 
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nonnal  culture  sliowed  markecl  Jej^eneration  in  most  nuclei, 
and  no  cells  with  mitotic  tii;iu-es  were  observed. 

On  the  third  day  one  of  each  set  of  cultures  was  fixed  and 
stained.      The    autogenous    culture    appeared    healthy,    and 

04  cells  showed  mitotic  figures.  The  immune  culture  showed 
onl}'  round  cells,  some  degenerated,  and  no  signs  of  mitosis. 
The  normal  culture  was  much  degenerated  and  no  cells 
showed  mitotic  figures. 

On  the  fourth  da\'  2  autogenous,  1  immune,  and  1  normal 
culture  were  fixed  and  stained.  With  the  exception  of  one 
autogenous  culture  which  showed  one  cell  in  telephase,  the 
cells  of  all  these  cultures  were  more  or  less  degenerated  and 
no  mitotic  figures  were  to  be  seen. 

From  this  series  it  appeared  that  better  "  growth '"  was 
obtained  with  the  autogenous  and  immune  plasma  than  with 
normal  plasma ;  degenerative  changes  were  more  marked  in 
the  normal  plasma  cultures. 

Of  14  stained  specimens,  6  showed  evidence  of  mitosis ; 
of  these,  5  were  autogenous  cultures,  so  that  autogenous 
plasma  appears  to  favour  mitosis. 

SERIES    K. 

Twenty-four  double  cultures  of  rat  sarcoma  and  rat  spleen 
were  made  with  normal  rat  plasma;  12  being  cultures  of 
sarcoma  and  spleen  of  sarcoma-bearing  rat,  and  12  being 
cultures  of  the  same  sarcoma  and  spleen  of  immune  rat. 
After  4  days    incubation,    all  the  cultures  were  discarded ; 

5  were  fixed  and  stained ;  in  one  of  these,  3  cells  of  spleen 
showed  mitotic  figures,  but  generally  in  all  cases  the  cells 
presented  much  degenerative  changes. 

The  series  seemed  to  show  markedly  less  activity  than  the 
cultures  of  sarcoma  in  the  previous  series.  With  two  excep- 
tions, the  spleen  never  showed  extrusion  of  spindle  cells,  but 
only  large  extrusions  of  small  round  cells. 

No  dift'erences  could  be  established  between  the  two  sets 
of  cultures. 

SERIES    L, 

Four  sets  of  cultures  were  made  : — 

(1)  Twelve  cultures  of  rat  sarcoma  in  normal  rat  plasma. 
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(2)  Twelve  cultures  of  rat  sarcoma  in  normal  rat  plasma, 
with  normal  rat's  spleen. 

(3)  Twelve  cultures  of  rat  sarcoma  in  normal  rat  plasma, 
and  sarcoma-bearino-  rat's  spleen. 

(4)  Six  cultures  of  rat  sarcoma  in  normal  rat  plasma,  and 
immune  rat's  spleen. 

On  the  second  day  3  cultures  of  set  (1),  7  of  set  {2.),  10  of 
set  (3),  and  (>  of  set  (4)  showed  extrusion  of  spindle  cells. 
'.  On  the  fourth  and  fifth  days  10  cultures  were  stained,  and 
the  remainder  were  discarded.  Of  the  stained  specimens, 
1  culture  of  set  (2)  showed  48  cells  with  mitotic  figures;  the 
other  cultures  showed  no  signs  of  mitosis,  the  cells  were 
degenerated,  and  the  nuclei  fragmented. 

In  this  series  the  proportion  of  good  growth  is  not  high, 
only  26  out  of  42  cultures. 

No  conclusions  can  be  drawn  respecting  the  slight  difier- 
ences  observed  between  these  4  sets  of  cultures. 


SERIES  M. 

Twenty-five  cultures  w^ere  made  of  rat  sarcoma  in  normal 
rat  plasma. 

After  24  hours  incubation,  23  of  the  cultures  showed 
extrusion  of  spindle  cells,  and  10  were  described  as  "excellent." 
Two  were  dry  and  discarded. 

On  the  second  day  4  cultures  were  found  contaminated 
and  w^ere  discarded.  The  remainder  were  washed  in  sterilised 
Ringer's  solution  for  50  minutes,  and  then  subcultured  in 
fresh  plasma. 

On  the  fifth  day,  after  discarding  damaged  cultures,  19  sub- 
cultures were  made. 

On  the  sixth  day  one  of  the  subcultures  was  fixed  and 
stained ;  it  was  healthy  in  appearance,  and  o3  cells  with 
mitotic  figures  were  counted. 

On  the  eighth  day  3  cultures  were  fixed  and  stained  ;  one 
was  contaminated  and  degenerated  and  no  mitotic  figures 
were  seen ;  one  w^as  largely  degenerated  and  composed  of 
round  cells  and  a  large  ring  of  liquefaction,  and  one  cell  with 
a  mitotic  figure  was  noted;  the  third  culture  was  les's 
d.e£!"enerated  and  showed  44  cells  with  mitotic  figures. 
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The  proportion  ot"  "takes"  is  very  lii-li  (Mi  per  cent). 
Degenerative  ehannes  oct-urretl  early.  Of  4  stained  speci- 
mens, all  subcultures,  .*>  showed  evidence  of  mitotis. 

SUMMARY. 

From  the  foregoing  observations  it  is  possible  to  draw  the 
following  conclusions  : — 

J.  That  in  the  plasma  cultures  of  mouse  carcinoma  and 
rat  sarcoma  there  is  much  irregularity  in  the  proportion  of 
"takes"  (compare  series  0  and  L  with  series  E  and  M),  so 
that  the  number  of  growing  cultures  obtainable  in  any  seriea 
is  an  uncertain  quantit}'. 

2.  There  is  much  variation  in  the  date  of  appearance  and 
degree  of  degeneration,  both  in  the  cultures  of  ditierent  series,. 
and  in  the  different  cultures  of  the  same  series  (cf.  series  A, 
B,  E,  and  F,  with  C.  D,  and  H). 

o.  That  in  the  whole  series  of  cultures,  mitosis  was  not 
invariably  present.  Out  of  a  total  of  iS8  stained  specimens, 
mitosis  was  observed  in  18  (or  in  1^0  if  the  '1  abnormal  radiated 
specimens  be  included).  Of  these  88  stained  specimens,  25- 
were  radiated  cultures,  in  which  mitosis,  with  '1  possible 
exceptions,  was  never  seen,  and  14  specimens  were  cultures 
of  carcinoma  in  which  mitosis  was  never  observed  (it  is. 
probable  however,  that  if  these  carcinoma  cultures  had  been 
washed  and  subcultured  some  evidence  of  mitosis  would  have 
been  present,  since  mitosis  in  carcinoma  cultures  had  been 
observed  by  other  workers),  so  that  in  47  stained  cultures  of  rat 
sarcoma,  mitosis  occurred  in  18  specimens  (about  39  per  cent.); 
of  these  18,  (5  were  subcultures,  and  since  only  7  subcultures 
were  stained,  nearly  85  per  cent,  of  subcultured  specimens 
showed  mitosis.  In  other  words  washing  and  subculturing 
favour.s  mitosis,  and  it  is  to  be  regretted  in  this  connection 
that  more  radiated  cultures  were  not  subcultured. 

4.  Radiation  with  7  mgr.  radium  for  2^  to  18  hours  appears 
to  have  no  retarding  intiuence  on  the  extrusion  of  cells;  on 
the  contrary,  the  radiated  cultures  were  frei[ueutly  observed 
to  be  more  vigorous  in  this  respect  than  the  control  culture 
(cf.  .series  A,  B,  and  F;. 

0.  Finally,  it  appears  that  "growth"  of  in  vitro  cultures, 
consists   of   two   processes ;    {<C)   a   spreading   of   area   of    the 
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orii^'iual  mass  by  the  extrusion  of  cells  possessinii;  \*>r\>^,  often 
branched,  amo?boid  processes;  {!>)  a  division  of  cells  by 
mitosis  ;  and  that  "  spreading  "  may  occur  ([uite  in<lependently 
of  mitosis. 

And  whereas  ratliation  with  a  7  ui^r.  capsule  of  railiuui 
bromide  for  periods  of  time  ranginy-  from  '2j  to  18  hours  has 
no  retarding  influence  on  the  "spreading  growth,"  it  has  a 
marked  inhibiting  ettect  on  mitosis. 

It  would  seem,  therefore,  that  an  increase  in  superficial 
area  observ^ed  in  an  in  vitro  culture  must  not  necessarily  be 
regarded  as  growth  in  the  sense  of  a  multiplication  of  cells 
bv  mitosis. 


Table  II. 

Summary  of  TaMe  I.  in  respect  of  "Takes"  anil  ^littises. 


"  Takes." 

1          Radiated. 

Nou-radiated. 

Mouse  carcinoma  (74  cultures)  ...         ...         ...         60  per  cent. 

Eat  sarcoma  (198  cultures)         80        „ 

78  per  cent. 
68 

Mouse  carciuoma  (20  cultures  stained)... 
Eat  sarcoma  (68  cultures  staineil) 


Mitoses. 


0  .' 


Non-radiated. 
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COMPARATIVE  OBSERVATIONS  ON  CHANGES 
IN  COLUMNAR  AND  IN  SQUAMOUS 
EPITHELIUM,  AND  IN  SUB-EPITHELIAL 
TISSUES,  INDUCED  BY  THE  GAMMA  RAYS 
OF  RADIUM. 

By  W.  S.  LAZARUS-BARLOW. 

The  experiments  described  below  were  carrietl  out  in  the 
normal  rat,  and  the  region  selected  was  the  lower  end  of  the 
rectum,  together  with  the  adjoining-  portion  of  the  under- 
surface  of  the  tail.  It  was  desired  to  determine  what  differ- 
ences, if  any,  obtain  in  the  mode  of  response  of  the  different 
varieties  of  epithelial  cell  when  exposed  to  a  definite  amount 
of  radium  radiation.  At  the  same  time  it  was  possible  to 
make  observations  upon  the  sub-epithelial  connective  tissue 
and  upon  the  muscular  bundles  lying  yet  more  deeph*. 

Apart  from  the  diti'erence  in  character  of  the  epithelium, 
the  regions  investigated  differed  in  other  respects.  Thus  the 
sub-columnar  (sub-mucous)  tissue  is  looser  in  composition 
than  the  sub-squamous  (sub-cutaneous),  while  the  sub- 
columnar  connective  tissue  normally  contains  a  certain  num- 
ber of  plasma  cells,  and  is,  of  course,  devoid  of  hair  follicles 
and  sebaceous  glands.  The  normal  sub-squamous  tissue  is 
entirely  free  from  plasma  cells,  while  hair  follicles  and 
sebaceous  glands  are  only  found  in  that  part  (external  to 
the  sphincter  ani  muscle)  which  is  covered  by  dry  squamous 
epithelium. 

It  follows  from  what  has  been  said  that  three  different 
composite  types  of  tissue  were  made  the  subject  of  in- 
vestigation— 

(1)  Rectal  tissue  (a)  covered  with  columnar  epithelium, 
(6)  possessing  tubular  glands  lined  with  columnar  epithelium 
and    secreting    mucus,     (c)    showing    a    loose    sub-epithelial 
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tissue  in   which   phisiua  cells  are  present,  autl  (</;  presentinif 
a  well-marked  layer  of  involuntary  muscle. 

(2)  Anal  tissue  (f/)covereil  with  moist  squamous  epithelium 
several  layers  of  cells  Jeep,  sharply  defined  from  the  columnar 
epithelium  of  the  rectum,  (h)  showinr^  a  moderately  dense 
sub-epithelial  connective  tissue  devoid  of  plasma  cells  or 
epithelial  structures,  and  (c)  possessing  a  well-marked  mus- 
cular layer,  proximally  involuntary,  but  ending  distally  in 
the  voluntary  sphincter  ani  muscle. 

(3)  Cutaneous  tissue  (a)  covered  by  (ii'ij  squamous  epithe- 
lium two  or  three  layers  of  cells  deep,  (h)  showing  a  dense 
sub-epithelial  connective  tissue  devoid  of  plasma  cells,  (c) 
showing  epidermal  structures  in  the  form  of  liair  follicles, 
sebaceous  glands  and  their  ducts,  and  ('/)  presenting  muscular 
tissue  uf  the  voluntar}'  type  in  the  muscles  of  the  under- 
surface  of  the  tail. 

The  anal  tissue  forms  a  ring  that  extends  upwards  tor  a 
distance  of  2")  mm.  from  the  sphincter  muscle  with  great 
constancy  in  medium-sized  rats  such  as  were  used  for  the 
researcli. 

The  "Radium  Dose." — Two  tubes  of  radium  were  available 
■for  the  experiment,  which  had  the  advantage  of  differing 
widely,  yet  not  too  widely,  in  respect  of  the  quantities  of 
radium  they  contained,  and  in  other  respects  were  closely 
similar.  Tube  A  contained  38  mgr.  RaBr2*2H20  ;  it  was  of 
platinum  '3  mm.  thick,  and  measured  2')  mm.  long  by  2  mm. 
in  "iiameter.  Tube  B  contained  92  mgr.  RaBi-2'2H20  ;  it  was 
of  platinum  ••")  mm.  thick,  and  measured  IS  mm.  long  l)y 
34  mm.  in  diameter. 

Experiments  were  made  with  Tube  A  (38  mgr.)  to  deter- 
mine what  length  of  exposure  would  l)e  most  suitable  for  the 
investigation,  and  it  was  found  that  30  minutes'  exposure 
gave  satisfactory  results.  Making  correction  for  the  differ- 
ence in  thickness  of  the  platinum  tube,  it  was  found  that 
13 j  minutes'  exposure  to  Tube  B  (92  mgr.)  gave  the  same 
amount  of  ionisation,  i.e.,  afforded  the  same  "  radium  dose." 

With  the  exception,  therefore,  of  two  rats  to  be  mentioned 
subsefjuently,  all  the  animals  received  the  .same  "radium 
dose,"  but  they  were  divided  into  two  series,  (A)  that  with 
srhaller   quantity   of    radium   acting  for  a  greater   length  of 
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time  (38  mgr.  for  30  minutes),  and  (B)  that  with  larger 
quantity  of  radium  acting  for  a  shorter  length  of  time 
(92  mgr.  for  13^  minutes). 

Method  of  Experiment. — A  cotton  thread  was  fixed  by  a 
clove  hitch  around  the  radium  tube  at  a  point  equidistant 
from  the  two  ends  excluding  the  perforated  solid  partition. 
The  tube  was  inserted  into  the  rectum  until  the  cotton  thread 
was  at  the  anal  aperture,  and  was  kept  in  position  by  means 
of  a  soft  iron  wire  passed  through  the  perforated  end  of  the 
tube  and  turned  once  or  twice  around  the  root  of  the  tail. 
An  animal  of  each  series  was  killed  on  the  1st,  2nd,  3rd,  7th, 
Sth,  and  9th  days  (and  in  one  series  the  oth,  1-tth,  and  21st 
days  in  addition)  after  exposure  to  radium,  by  breaking  the 
neck.  The  lowest  25-30  mm.  of  the  rectum  and  contiguous 
5-7  mm.  of  the  skin  of  the  under-surface  of  the  tail  were 
immediately  dissected  off,  the  bowel  was  opened  up,  and  the 
whole,  pinned  out  on  cork,  was  immersed  in  Carnoy's  fluid 
for  20  minutes,  passed  through  4  changes  of  absolute  alcohol, 
removed  from  the  cork,  and  passed  through  2  changes  of 
xylol.  A  strip  30  mm.  long  by  -i  mm.  wide  was  then  cut 
from  end  to  end  of  the  mass  of  tissue,  to  include  25  mm. 
upwards  and  5  mm.  downwards  from  the  sphincter  muscle. 
This  strip  was  embedded  in  paraffin  and  cut  along  its  long 
border  so  as  to  present  all  the  varieties  of  tissue  and  cell 
mentioned  above  in  one  histological  specimen.  The  sections 
were  uniformly  5  /x,  thick. 

It  will  be  seen  from  the  description  that  in  addition  to 
tissue  which  had  been  directly  in  contact  with  the  radium 
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Fig.  1. — Photomicrographs  of  two  sections  of  rectum  and  nnder-snrface  of  skin  of  tail  (rat).  The  epithelial 
layers  (squamous  to  left,  columnar  to  riirht  of  figure)  have  lieeu  blackened  for  clearness  in  the 
lower  section,  and  details  have  been  added  indicating  the  nature  of  the  experiments.  S  =  Sphincter 
ani  muscle 
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tiil»e,  rectal  tissue  is  present  whieli  had  liceii  aetetl  upon  by 
radium  at  a  distance.  This  is  shown  Ity  Fii^.  1,  a  micro- 
photoyraph  of  two  liistolosrical  specimens,  upon  the  lower  of 
which  the  epithelium  has  been  blackened,  and  certain  details 
have  been  written  for  greater  distinctness. 

Staining  was  either  by  dilute  (*i%)  Ehrlich's  hiematoxylin, 
or  by  Pappenheim's  stain.  Of  these,  Pappenheim's  stain  is 
more  satisfactory  for  mitotic  figures,  and  is  essential  for 
plasma  cells.  Unfortunately  the  superiority  of  Pappenheim's 
stain  in  the  enumeration  of  mitotic  figures  was  unknown  to 
me  until  the  research  was  half  completed,  otherwise  it  alone 
would  have  been  used  for  this  purpose.  Actually,  o  specimens 
stained  with  hirmatoxylin,  and  1  specimen  stained  with  Pap- 
penheim's stain,  were  used  for  the  determination  of  each 
mean  number  of  mitoses  given  in  Table  I.  Had  Pappenheim's 
stain  been  used  throughout  the  values  would  have  been 
somewhat  higher. 

In  counting  mitosis  difficulty  arises  owing  to  the  diff'erent 
positions  of  cells,  and  in  some  degree  owing  to  the  diff'erent 
stages  of  mitosis  met  with  in  a  single  section.  For  this 
reason  I  have  counted  each  focus  of  chromatin  in  mitosis  as 
a  unit,  w^ith  the  result  that  the  somewhat  rare  instances 
showing  the  diaster  stage  in  profile  have  been  counted  as 
tvo  mitotic  Jiijuves.  As  this  procedure  has  been  adopted 
throughout  the  mean  values  given  for  mitosis  are  susceptible 
of  comparison. 

RESULTS    OF   EXPERIMENTS. 

(A)— Experiment  -using  38  mgr.  Radium  Bromide  for 
30  minutes. 

I. — The  Columnar  Epithelium,   excluding  Mitotic  Changes. 

1st  Day  Specimen.— The  columnar  epithelium,  whether 
lining  the  tubules  or  superficial,  is  well  preserved,  but  some 
tendency  to  desquamation  of  superficial  cells  is  discernible 
in  that  part  which  was  in  contact  with  the  radium  tube. 
The  cytoplasm  is  granular  and  swollen,  and  there  is  decidedly 
less  formation  of  mucus,  as  evidenced  by  the  number  of  goblet 
cells,  than  normal.  The  nuclei  are  larger  than  normal,  sharply 
outlined  and  clear,  the  chromatin  being  apparently  collected 
chiefly  at  the  periphery. 
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2nd  Day  Specimen. — The  appearances  are  similar,  but 
desquamated  cells  entangled  in  mucus  lie  on  the  surface  at 
the  upper  end.  Goblet  cells  are  numerous  and  large  at  the 
upper  portion  of  the  section,  but  are  scanty  near  the  anus. 

oRD  Day  Specimen. — Cells  swollen  and  granular  ;  mucus 
formation  moderate  ;  small  tracts  of  superficial  epithelium 
are  detached  towards  the  upper  part  of  the  section. 

oTH  Day  Specimen. — Many  goblet  cells  except  close  to 
the  junction  with  squamous  epithelium,  the  central  portions 
of  some  of  the  tubules  being  largely  broken  down  into 
mucus.  Mucus  formation  is  more  pronounced  in  the  higher 
portions  of  the  section.  Xuclei  of  the  cells  are  markedly 
swollen  and  clear.  Margins  of  cells  indistinct,  cytoplasm 
granular. 

7th  Day  Specimen. — A  few  isolated  superficial  cells  have 
undergone  desquamation.  Mucus  formation  little  marked. 
Xuclei  of  cells  still  relatively  free  of  chromatin  in  the 
centres,  no  swelling  of  nucleus. 

Sth  Day  Specimen.— Xuclei  throughout  are  apparently 
ndriiial.  but  the  cytoplasm  of  cells  in  the  lower  region  is 
still  granular  and  the  cell  margins  are  indistinct.  Mucus 
formation  is  pronounced,  and  mucus  is  present  at  the  openings 
of  some  of  the  tubular  glands. 

0th  Day  Specimen.— Cells  granular  and  without  distinct 
margins  throughout  the  specimen.  Xuclei  somewhat  swollen 
and  pale.  Mucus  formation  pronounced.  Xo  desquamation 
of  superficial  cells  is  evident. 

14th  Day  Specimen. — Margins  of  cells  frequently  recogni- 
sable where  not  obscured  by  goblet-cell  formation.  Xuclei 
still  somewhat  swollen  and  pale,  especiall}-  in  the  lower  part 
of   che  section.     Mucus  formation  a  marked  feature. 

21ST  Day  Specimen. — General  features  of  columnar  cells 
indistinguishable  from  those  of  normal  specimens. 

It  appears,  therefore,  that  when  3S  mgr.  of  radium  bromide 
act  upon  the  colu)iinar  cells  of  the  rectum  of  the  rat  for 
30  minutes  changes  occur  in  respect  of  cytoplasm,  nucleus,  and 
mucus  formation.  The  cytoplasm  rapidly  becomes  granular 
and  the  edges  of  the  cells  indistinct  ;  the  nuclei  swell  up  and 
become  clear  and  pale,  the  chromatin  being  ehiefiy  arranged 
at  the  periphery  of  the  nucleus.     Desquamation  of  isolated 
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cells  or  small  tracts  of  cells  occurs.  ^t^K•us  t'onnation  appears 
to  be  (liiuinished  at  first,  but  later  an  excessive  formation 
takes  place.  These  changes  are  at  their  height  and  are  most 
marked  where  the  cells  were  in  contact  with  the  radium  tube 
about  the  ')th  day  after  irradiation,  after  which  a  return  to 
normal  slowly  takes  place.  Reference  to  mitotic  chantres  in 
the  nuclei  is  reserved  till  later. 

II. — The  Squamous  Epithelium,  excluding  Mitotic  Changes. 

IsT  Day  Si'iaiMEN. — Maisf  ruilvtij:  The  cl-U  outlines  are 
clear,  the  nuclei  are  very  swollen  and  clear  for  the  most  part, 
but  some  are  shrunktn  and  k'ave  a  clear  space  between  them 
and  the  cytoplasm.  The  superticial  layers  of  epithelium  are 
loosened.  Drij  nirlef)/  :  The  changes  are  in  oeneral  similar 
to  those  present  in  the  moist  variety,  but  the  swellini;-  of 
nuclei  is  less  marked  ;  desnuamatiun  of  superficial  keratinised 
layers  has  taken  place. 

:?Ni)  Day  Specimen'. — Moist  variety:  Nuclei  very  clear, 
pale,  and  swollen  ;  superticial  layers  loosened.  Dry  variety  : 
Nuclei  stain  ver}-  badl}^  but  outlines  are  sharp  ;  des(|uamation 
of  superticial  layers. 

3rd  Day  Specimen.  —  Both  varieties  show  the  same 
changes  as  before,  and  in  both  nucleoli  are  vei}'  large  and 
distinct. 

oTii  Day  Specimen. — As  3rd  day. 

Ttii  Day  Specimen. — Moist  variety  :  Outlines  pf  cells 
indistinct,  less  swelling  of  nuclei  than  in  previous  specimens. 
Dvy  ra.viety  :  Outlines  of  cells  fairly  distinct;  most  of  the 
nuclei  are  pale  and  swollen. 

Stii  Day  Specimen. — Moist  variety  :  The  nuclei  are  pale 
and  there  is  some  desquamation  of  superticial  layers ;  the 
cytoplasm  is  granular  and  outlines  of  cells  somewhat  indistinct. 
Dry  i-ariefy  :  The  nuclei  are  swollen  and  represented  by 
colourless  ovals  with  Idue  margins  ;  a  single  layer  is  present, 
and  there  is  much  des(|uamation  of  superticial  layers  of 
keratin. 

!)TH  Day  Specimen. — Moist  variety  :  Outlines  of  cells 
still  a  little  indistinct.  The  nuclei  are  pale,  but  not  so  trans- 
parent, while  in  more  superficial  layers  they  stain  as  well  as 
in  the  basal  layer.     Dry  variety  :    As  in  8th  day  specimen  ; 
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the  outlines  of  the  cells  are  very  indistinct,  and  staining  is 
very  poor. 

14th  Day  Specimen. — 2Iolst  vnrldy :  The  chromatin  is 
distributed  fairly  evenly  throuoh  the  nucleus ;  the  basal  cells 
and  nuclei  are  of  their  normal  oval  shape  ;  the  nuclei  of  more 
superficial  cells  are  somewhat  clear.  Dry  variety  :  Nuclear 
staining  perhaps  a  little  better  than  in  the  9th  day  specimen. 
Desquamation  of  superficial  layers. 

21sT  Day  Specimen. —Cells  and  nuclei  are  indistinguish- 
able from  normal  in  the  case  of  both  varieties  of  squamous 
cell. 

Squamous  epithelium  exposed  to  the  action  of  the  gamma 
rays  from  38  mgr.  radium  bromide  for  30  minutes,  therefore, 
differs  in  its  reaction  according  as  the  moist  or  the  dry 
variety  is  considered.  The  effect  on  both  varieties  is  similar 
in  kind  and  consists  in  an  alteration  of  the  nuclei,  which 
become  swollen,  clear,  and  stain  badly,  and  in  a  modification 
of  the  cytoplasm  whereby  its  connection  m  ith  neighbouring 
cells  is  loosened  and  desquamation  of  tracts  of  keratinised 
cells  occurs.  But  though  the  effects  are  similar  the  degrees 
to  which  they  are  evident  is  different,  for  the  moist  variety  is 
less  altered  from  the  normal  than  the  dry  variety.  Thus  in 
the  9th  and  14th  day  specimens  the  moist  variety  is  practi- 
cally normal,  while  the  cells  of  the  dry  variety  are  still 
profoundly  changed. 

III.  —  Epidermal  Structures  (hair  follicles,  sebaceous 
glands).  Of  course  these  are  only  found  in  connection  with 
dry  squamous  (cutaneous)  cells,  but  one  large  sebaceous  gland 
is  found  just  internal  to  the  sphincter  ani  muscle.  Specimens 
stained  on  the  1st,  2nd,  and  3rd  days  after  irradiation  showed 
the  sebaceous  cells  somewhat  swollen,  while  their  nuclei  and 
the  nuclei  of  cells  in  the  hair  follicles  stained  poorly.  In 
specimens  from  the  5th  day  onwards  the  appearances  were 
similar  to  the  normal  except  that  the  formation  of  sebum 
seemed  to  be  excessive.  It  is  noteworthy  that  in  no  instance 
were  inflammatory  changes  found  in  the  structures  under 
consideration. 

IV. — Muscular  Layers.  In  the  intestine  the  longitudinal 
coat,  the  circular  coat,  and  the  muscularis  mucos;i?  (longitu- 
dinal)   are    well    marked    and    are    unstriated  ;    beneath    the 


THK    (iAMMA    UAVS    OF    RADIUM.  41 

cutanoous  epithelium  are  to  be  fouuel  longitudinal  fibres  of 
striated  muscle.  The  chief  changes  noted  were  in  the  circular 
coat  near  the  anus  and  in  the  sphincter  ani  itself.  Over  all 
tlio  specimens  of  the  experiment  a  granular  and  (edematous 
condition  of  the  muscle  in  these  positions  was  noticeable,  and 
was  most  marked  in  the  3rd,  oth,  and  7th  day  specimens.  The 
muscle  nuclei  were  swollen  and  clear.  In  the  14th  day 
vspecimen  some  granular  and  (edematous  change  was  noted  in 
both  the  situations  under  consideration,  but  in  the  21st  day 
specimen  the  sphincter  ani  muscle  appeared  to  be  normal, 
whereas  the  circular  coat  of  the  lower  part  of  the  rectum  was 
still  granular  ami  (ledematous.  The  longitudinal  mnscle  tibres 
in  the  lower  part  of  the  gut  invested  with  the  columnar 
epithelium  showed  a  general  paleness  in  staining  of  nuclei, 
but  no  great  differences  otherwise  were  noted.  The  mus- 
cularis  mucosst'  though  nearer  to  the  radium  tube  showed, 
throughout,  less  obvious  change  in  cells  and  in  nuclei  than 
the  circular  coat. 

The  muscular  coat  in  the  highest  region  of  the  specimens 
was  in  good  condition  except  in  the  specimens  of  the  3rd  and 
oth  daJ^  when  the  nuclei  were  clear  and  swollen  and  the 
muscle  bundles  were  broken  in  the  circular  coat;  a  certain 
amount  of  hyaline  change  was  noted  in  the  5th  day  specimen, 
but  this  has  been  observed  in  intestine  from  normal  rats. 
No  changes  were  noted  in  the  longitudinal  fibres.  The 
striated  muscle  of  the  root  of  the  tail  was  in  uniformly  good 
condition  in  all  specimens  except  that  of  the  2nd  day  after 
irradiation.     In  this  specimen  striation  was  distinctly  poor. 

It  would  thus  appear  that  unstriated  muscle  was  more 
affected  than  striated,  and  that  the  circular  coat  in  immediate 
association  with  tlie  radium  tube  showed  the  greatest  varia- 
tion from  the  normal.  The  changes  consisted  in  codema  and 
granular  degeneration  with  alteration  of  nuclei  so  that  they 
became  swollen  and  clear. 

iB     Experiment  using  92  mgr.  Radium  Bromide  for 
13i  minutes. 

I. — The  Columnar  Epithelium,  excluding  Mitotic  Changes. 

IsT  Day  Specimen. — Tiie  cells  of  the  lower  part  of  the 
section  show  poor  outlines,  but  the  cytoplasm  is  not  granular; 
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the  nuclei  are  pale  Init  cliroinatin  appears  to  be  evenly 
distributed,  and  the  nuclei  are  not  swollen.  The  number  of 
o-oblet  cells  is  small.  No  mucus  is  found  on  the  surface  and 
there  is  no  desquamation  of  superficial  cells.  The  cells  of  the 
high  part  of  the  section  show  some  swelling  of  nuclei  and  a 
little  loosening  of  superficial  cells.  The  number  of  goblet 
cells  is  normal. 

2xD  Day  Specimen. — Much  mucus  covers  the  surface  in 
the  lower  part  of  the  section;  the  tubules  are  profoundly 
altered,  being  practically  converted  into  bags  of  mucus,  the 
cellular  cytoplasm,  therefore,  has  almost  disappeared.  The 
nuclei  are  very  swollen,  transparent,  and  irregular.  At  the 
highest  part  of  the  section  there  is  little  mucus  on  the 
surface.  The  nuclei  of  the  cells  are  clear  and  sw^ollen,  and  the 
cvtoplasm  is  svrollen  an<l  hyaline  in  appearance.  Goblet  cells 
are  numerous. 

3rd  Day  Specimen. — A  certain  amount  of  mucus  bathes 
the  lower  part  of  the  section  ;  the  nuclei  are  swollen,  clear, 
and  very  irregular  in  shape ;  the  cytoplasm  is  much  broken 
up.  A  considerable  amount  of  mucus  is  present  and  many 
goblet  cells.  High  up  the  nuclei  are  clear,  swollen,  and 
transparent,  the  chromatic  substance  being  confined  to 
the  nuclear  membrane;  the  outlines  of  the  cells  are  fairly 
marked  and  the  cytoplasm  is  coarsely  granular.  No  de- 
squamation of  superficial  cells  is  present.  Goblet  cells  are 
numerous. 

7th  Day  Specimen. — Below,  there  is  much  mucus  on  the 
surface  of  the  intestine,  with  extensive  desquamation  of  tracts 
of  superficial  epithelium.  The  nuclei  of  the  cells  are  clear, 
swollen,  ami  irregular;  the  cytoplasm  is  swollen.  Not  many 
goblet  cells  are  present.  Above,  the  outlines  of  the  cells  are 
fairly  marked,  the  nuclei  are  slightly  swollen,  but  the  chro- 
matin appears  to  be  evenly  distributed.  Few  goblet  cells  are 
present. 

8th  Day  Specimen.  —  Below,  the  surface  shows  the 
presence  of  a  little  mucus  ;  cell  cytoplasm  and  nuclei  appear 
granular  and  hazy.  The  nuclei  stain  evenly.  Above,  the 
nuclei  are  perhaps  a  little  clearer  than  normal ;  very  little 
mucus  bathes  the  surface.  Goblet  cells  are  present  in  normal 
numbers. 
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1)111  Day  SriX'i.MiiN.  Below,  the  surface  shows  much 
mucus  luixcil  with  man}'  ilesquauiatin<;'  cells.  The  columnar 
cells  themselves  are  greatly  swollen,  the  nuclei  are  very 
transparent  and  swollen.  Above,  traces  of  mucus  l)athe  the 
surface,  the  cytoplasm  is  not  swollen,  the  nuclei  are  pale  and 
a  little  swollen.      Many  goblet  cells  are  present. 

From  the  above  description  it  appears  that  considerable 
changes  have  taken  place  in  the  columnar  epithelium  over 
the  region  which  was  in  contact  with  the  railium  tube.  Thesei 
changes  are  of  a  pronounced  degenerative  type  and  consist  in 
mucoid  degeneration  of  the  cells  with  much  desquamation, 
and  alteration  of  the  cell-nucleus.  The  change  is  pronounced 
already  in  the  i^nd  day  specimen,  and  is  still  marked  in  the 
9th  day  specimen. 

The  columnar  epithelium  at  a  little  distance  from  the 
radium  tube  shows  similar  changes,  but  they  are  much  inferior 
in  intensity  except  as  far  as  concerns  the  formation  of  goblet 
cells.  Although  the  amount  of  mucus  and  mucoid  degenera- 
tion appears  to  be  greatest  in  the  lower  part  of  the  section, 
definite  goblet  cell  formation  appears  to  be  greatest  higher  up. 

II. — The  Squamous  Epithelium,  excluding  Mitotic  Changes. 

1st  Day  Specimen. — Moist  vttriettj:  The  cell  outlines 
are  good,  and  cytoplasm  stains  well ;  the  nuclei  are  pale  and 
swollen  and  show  a  granular  chromatin  :  frequently  they 
have  contracted  and  are  surrounded  by  a  clear  space.  The 
superficial  layers  of  keratiuised  cells  have  desquamated. 
Drj  rarlefij :  Cell  outlines  are  good,  the  nuclei  are  clear, 
swollen,  and  stain  but  faintly. 

i^xD  Day  Specimen. — Moisf  ravlci ij .-  The  outlines  of 
the  cells  are  good,  but  nuclei  are  pale,  clear,  and  swollen. 
Dry  rariefij  .-  The  outlines  of  the  cells  are  ill-iletined,  the 
nuclei  stain  badly,  are  clear  and  swollen,  or  contracted  ; 
desquamation  of  superficial  keratinised  layers  has  taken  place. 

.Srd  Day  Specimen. — Moist  varietij:  Descpiamation  of 
superficial  layers,  outlines  of  cells  clear,  nuclei  large,  clear 
and  somewhat  swollen. — Dry  variety  :  Desquamation  has 
occurred  of  superficial  layers.  Cytoplasm  is  granular  and  ill- 
defined,  nuclei  are  clear  ami  often  contracted  ;  the  cells  take 
the  stain  poorly. 
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7th  Day  Specimen. — Moist  variety  :  The  definition  of 
the  cell  outline  is  poor,  nuclei  are  clear,  swollen,  but 
frequently  contracted  :  some  desquamation  has  occurred.  Drij 
variety:  Though  some  of  the  cells  and  nuclei  stain  badly, 
and  the  nuclei  appear  to  be  slightly  swollen,  the  general 
appearance  is  fair, 

8th  Day  Specimen. — Moist  variety  :  Slight  desquamation 
of  superficial  layers.  Cell  outlines  are  good  ;  the  nuclei  show 
general  distribution  of  chromatin,  but  some  of  them  are 
contracted.  Dry  variety  :  The  general  appearances  are  good 
and  could  not  be  distinguished  from  the  normal. 

9th  Day  Specimen. — Moist  variety:  On  the  whole  the 
nuclei  are  normal  in  appearance,  though  some  are  abnormally 
transparent ;  the  cellular  outline  is  fairly  defined.  Slight 
desquamation  of  superficial  layers  has  occurred. — Dry  variety: 
The  nuclei  are  pale,  but  otherwise  the  epithelium  appears 
normal. 

From  the  above  description  it  appears  that  squamous 
epithelium  acted  upon  by  the  gamma  rays  of  92  mgr.  radium 
bromide  for  13j  minutes  shows  slight  changes  wdiich  chiefly 
concern  the  nuclei.  These  become  swollen  and  take  the  stain 
poorly.  The  changes  aftect  both  moist  and  dry  squamous 
varieties,  but  are  more  marked  and  persist  longer  in  the  ease 
of  the  moist  variety.  Desquamation  of  superficial  keratinised 
layers  occurs  in  each  variety.  Specimens  removed  on  the 
7th,  8th,  and  9th  days  after  exposure  to  radium  do  not  diff'er 
greatly  from  the  normal  in  appearance. 

III. — Epidermal  Structure^.  Specimens  taken  the  2nd  and 
ord  days  after  irradiation  showed  a  great  formation  of  sebum 
within  the  cells  of  the  sebaceous  glands,  the  nuclei  being  on 
the  whole  normal  in  appearance,  though  staining  poorly  and 
being  swollen  in  some  cases.  In  the  7th  day  specimen  the 
sebaceous  gland  cells  were  practically  broken  down  into 
sebum,  but  in  the  specimens  of  the  8th  and  9th  days  the 
sebaceous  glands  appeared  normal.  With  the  exception  of 
somewhat  poor  staining,  the  cells  of  the  hair  follicles  appeared 
to  be  normal. 

IV. — Muscular  Layers. 

1st  Day  Specimen. — In  the  upper  columnar  region  the 
fibres    of    the    circular    coat    were    approximately    normal, 
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but  the  niR-lci  appeared  somewhat  clear  and  swollen.  The 
loni^itudinal  fibres  of  the  niuscularis  mucosji3  and  of  the 
loni^itiulinal  muscular  coat  were  very  poor,  the  outlines 
of  the  cells  beini;-  indistinct  and  the  layers  broken  up  to  a 
considerable  extent ;  the  nuclei  were  irregular  in  shape  and 
stained  badly.  In  the  lower  columnar  region  the  circular 
muscle  was  granular  and  a>dematous,  the  outlines  of  the 
muscle  bundles  were  lost,  the  nuclei  were  clear  and  swollen. 
The  longitudinal  fibres  both  sides  of  the  circular  muscle  were 
much  broken,  staining  was  poor,  the  nuclei  being  practically 
unstained.  Of  the  two  systems  of  longitudinal  fibres,  that  of 
the  muscularis  mucosa?  was  the  worse.  The  sphincter  ani 
showed  the  muscular  fibres  highly  granular  and  the  nuclei 
variable  in  size.  Striated  muscle  of  the  tail  was  in  a. 
condition  of  "  cloudy  swelling,''  except  that  the  nuclei  were 
not  unduly  distinct,  striation  was  just  recognisable. 

2nd  Day  Specimen. — In  the  upper  columnar  region  the 
condition  of  the  circular  muscular  coat  w^as  good,  the  longi- 
tudinal muscular  coat  was  fair,  but  the  longitudinal  fibres  of 
the  muscularis  mucosio  were  somewhat  granular  and  broken. 
All  the  coats  were  thin.  In  the  lower  columnar  region  the 
condition  of  the  longitudinal  (external)  coat  was  good,  the 
circular  coat  showed  slight  o?dema  and  granularity,  the  fibres- 
of  the  muscularis  muscosse  were  ill-defined  and  the  nuclei 
very  clear  and  contracted.  The  sphincter  muscle  was  in  good 
condition.  Striated  muscle  was  cloudy,  but  striation  was 
well  visible. 

8rd  Day  Specimen. — In  the  upper  columnar  region  the 
circular  coat  was  in  good  condition,  but  the  nuclei  appeared 
swollen,  the  external  coat  was  poorly  developed,  the  fibres 
were  cloudy,  but  the  nuclei  appeared  normal.  The  muscularis 
muscosre  showed  swelling  of  fibres,  and  the  nuclei  were 
oederaatous,  with  poor  staining  and  wrinkling  of  the  nuclear 
membrane.  In  the  lower  columnar  region  the  condition  of 
the  external  coat  was  good,  the  circular  coat  was  slightly 
granular  and  aniematous,  the  nuclei  being  very  clear  and 
contracted  ;  the  muscularis  mucosa'  showed  some  swelling  and 
fracture  of  filjres,  Imt  was  otherwise  in  good  condition.  The 
sphincter  muscle  was  in  good  condition.  Striated  muscle 
was  very  cloudy,  striation  being  only  just  visible. 


4G        CHANGES    IN    EPITHELIUM    INDUCED    BY 

7th  &  8tei  Day  Specimens. — The  general  appearances 
of  all  layers  in  all  the  situations  were  as  above,  but  less 
marked,  except  in  the  cases  of  sphincter  muscle  and  striated 
muscle.  The  sphincter  muscle  remained  in  good  condition, 
but  striated  muscle  of  the  7th  day  specimen  was  more  pro- 
foundly changed  than  at  any  other  period,  the  fibres  being 
much  swollen  and  very  granular  ;  this  obtained  to  such  an 
extent  that  striation  was  almost  invisible.  In  the  8th  day 
sjDecimen  the  striated  muscle  condition  was  better  ;  the  fibres 
were  still  cloudy,  but  striation  was  distinctly  visible  though 
the  bands  were  broader  than  normal. 

9th  Day  Specimen. — The  only  noteworthy  variations 
from  normal  concern  the  muscularis  mucoste  in  the  lower 
columnar  region  (where  the  fibres  were  more  widely  separated 
than  normal)  and  striated  muscle.  The  latter  was  still  cloudy, 
but  striation  was  more  sharply  defined  than  in  any  specimen 
except  that  of  the  2nd  day. 

From  these  descriptions  it  appears  that  the  gamma  rays 
of  Q'2  mgr.  of  radium  bromide  acting  for  IS^  minutes  induced 
changes  in  muscular  tissue.  These  changes  were  chiefly 
manifest  in  the  muscularis  mucosa?  and  in  striated  sub- 
cutaneous muscle  of  the  tail.  Circular  muscle  fibres,  whether 
of  the  rectum  or  the  sphincter  ani,  showed  some  granularity 
and  oedema,  but  on  the  whole  were  relatively  little  changed. 
The  modification  of  striated  muscle  was  very  great  in  all  the 
specimens,  but  appeared  to  be  passing  ofi"  on  the  9th  day  after 
irradiation,  by  which  time,  however,  the  other  muscular 
systems  were  normal. 

Mitotic  and  Plasma  Cell  Changes. — The  changes  that  have 
been  described  above  after  irradiation,  though  frequently 
marked,  are  not  susceptible  of  numerical  determination.  In 
the  case  of  mitosis  and  plasma  cells,  however,  special  staining 
reactions  enable  the  changes  to  be  placed  upon  a  less  personal 
liasis.  Nevertheless,  even  in  the  case  of  mitotic  and  plasma 
cell  counts  the  personal  factor  cannot  be  entirely  excluded. 
In  a  series  of  control  counts  of  mitoses  made  for  me  by  one  of 
my  colleagues,  the  values  obtained  were  uniformly  larger 
than  those  obtained  by  myself  over  the  same  fields  of  the 
same  sections.  In  the  case  of  plasma  cells  the  personal  factor 
is    even    greater.       Besides    the   personal   factor   there    cccur 
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individual  variations  in  the  animals  used  for  experiment,  as 
ean  be  seen  by  the  variations  obtained  in  four  normal  rats 
(Table  I.),  both  for  mitosis  and  for  plasma  cells.  It  follows 
that  it  is  not  justifiable  to  draw  any  deductions  Init  those  in 
which  a  clear  tendency  is  discernible,  in  order  that  a  fictitious 
dei^ree  of  accuracy  may  not  attach  t)  the  presentation  of 
lifjures. 

The  actual  mean  numbers  obtained  in  the  different  animals 
used  in  the  research  per  millimetre  of  histological  section 
o  fi  thick  are  set  out  in  Table  I.,  but  a  better  judi^-ment  as 
to  the  actions  upon  the  different  types  of  epithelial  cell 
and  upon  the  sub-epithelial  connective  tissue  can  be  obtained 
from  consideration  of  Table  II.  In  this  table  the  experi- 
mental values  have  been  collected  into  two  groups  dealing 
with  animals  killed  respectively  on  the  1st,  :^nd,  ord,  and 
on  the  7th,  8th,  and  9th  days  after  exposure  to  radium, 
and  the  mean  values  thus  obtained  have  been  expressed  as 
multiples  or  sub-multiples  of  the  mean  value  for  the  normal. 
For  example,  Table  I.  shows  that  the  mean  number  of  mitotic 
figures  per  millimetre  in  a  section  o/a  thick  for  high  columnar 
epithelium  is  in  normal  rats  3-0,  whereas  (under  condition  A) 
in  the  experimental  rats  of  days  1,  2,  and  3  the  mean  value 
was  17'3,  and  in  the  experimental  rats  of  days  7,  8,  and  !)  was 
14"8.  Dividing  17'3  and  14'8  by  3G  we  obtain  4-S  and  41  for 
Table  II.     Tlie  other  values  have  been  dealt  with  similarly. 

(A'  Radium  dose  =  38  mgr.  for  30  minutes. 
In  the  region  actually  in  contact  with  the  radium  tube  it 
is  seen  that  during  days  1-3  mitoses  in  columnar  cells  are 
reduced  to  •()8,  in  moist  S(|uamous  to  "o,  and  in  dry  squamous 
to  "lo  of  the  normal,  whence  it  follows  that  under  this  method 
of  applying  the  radium  dose  columnar  cells  arc  slightly 
injured  in  respect  of  proliferative  activity,  dry  squamous 
cells  are  greatly  injured,  moist  squamous  cells  occupy  an 
intermediate  position.  During  days  7-9  recovery  of  columnar 
and  of  moist  scjuamous  cells  is  manifest,  mitosis  in  the 
columnar  cells  being  even  greater  than  normal ;  dry  squamous 
cells  appear  even  more  damaged  in  proliferative  activity  than 
during  the  earlier  period.  Columnar  cells  at  a  small  distance 
from  the  radium   tube   (high)  show   well-marked   increase  in 
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mitotic  activity,  Ijeing  ti-ve  times  as  man}-  as  the  normal  in 
the  1-3  day  period,  and  still  four  times  as  many  as  normal  in  the 
7-9  day  period. 

So  far  as  concerns  plasma  cells,  the  (low)  columnar  region 
in  contact  with  the  radium  tube  and  that  at  a  short  distance 
(hio-h)  alone  need  consideration,  the  numbers  of  plasma  cells 
in  tissue  covered  with  squamous  epithelium  (whether  moist  or 
di'v)  being  negligible.  During  the  l-o  day  peri  m1  in  Itoth 
situations  the  number  of  plasma  cells  is  rather  mure  than 
doubled.  During  the  7-9  day  period  the  plasma-cell  intiltra- 
tion  of  the  sul)-mucous  tissue  formerly  in  contact  with  the 
radium  tube  has  undergone  a  slight  diminution,  but  is  still 
double  the  normal  ;  in  the  region  of  intestine  a  little  higher 
up  the  plasma-cell  infiltration  has  become  still  further  in- 
tensified, so  that  the  plasma  cells  are  four  times  as  numerous 
as  normal. 

(Bi— Radium  dose  =  92  mgr.  for  13i  minutes. 

In  the  region  actually  in  contact  with  the  radium  tube  it 
is  seen  that  during  days  1-3  mitoses  in  columnar  epithelium 
are  reduced  to  "lo,  in  moist  squamous  epithelium  are  normal 
in  number,  in  dry  squamous  epithelium  are  reduced  to  ••37  ; 
whence  it  follows  that  under  this  method  of  applying  the 
radium  dose  columnar  cells  are  profoundly  injured  in  respect 
of  proliferative  activity,  dry  squamous  cells  are  somewhat 
injured,  moist  squamous  cells  are  not  injured  in  the  least 
deo-ree.  During  days  7-0  recovery  takes  place  so  that  the 
dry  squamous  cells  proliferate  as  rapidly  as  normal,  moist 
squamous  cells  and  columnar  cells  even  more  rapidly  than 
normal.  Columnar  cells  at  a  small  distance  from  the  radium 
tube  (high)  show  detinite  increase  in  mitotic  activity,  being 
1-9  times  the  normal  during  days  1-3  and  4-5  times  the 
normal  during  days  7-9. 

So  far  as  concerns  plasma  cells,  the  tissues  covered  with 
squamous  epithelium  may  again  be  neglected.  Considering 
the  low  and  high  columnar  regions  the  numbers  of  plasma 
cells  are  about  normal  in  the  early  period  after  irradiation 
(days  1-3),  but  are  more  than  doubled  during  the  later 
period  (days  7-9). 
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SiMMAiiY  OF  Changes. 

it'  tlu'  various  clianues  in  the  diftVri'nt  i-ei^ions  nn«lci-  tlie 
two  contrasted  methods  of  applying-  tlu-  identical  railiiim  dose 
be  sununarised.  it  is  seen  that  consiiU-ralile  ditl'crenccs  show 
themselves.      This  is  seen  helow. 

Columnar  Region. — During  the  early  period  after  irradia- 
tion (days  ^-'^)  02  nigr.  for  13^  minutes  produces  the  maximum 
interference  with  mitosis  and  the  h'ast  intlamuiatory  reaction 
at  the  site  of  contact  with  the  radium  tube,  the  minimum 
stimuhxtion  of  mitosis  and  the  minimum  intiammatory  re- 
action at  a  short  distance  from  the  radium  tube.  Further, 
general  degenerative  changes  such  as  mucoid  degeneration, 
formation  of  mucus,  desquamation  and  alteration  of  nuclei 
are.  with  i)2  mgr.  for  l:U  minutes,  most  pronounced  in  the 
region  of  contact  with  the  radium  tube ;  though  present  they 
are  less  marked  at  a  little  distance  from  the  radium  tube. 
Muscular  tissue  in  the  region  was  most  profoundly  affected  in 
respect  of  the  longitudinal  fibres  of  the  muscularis  mucosie, 
the  circular  and  longitudinal  muscles  of  the  intestine  being 
relatively  little  affected. 

During  the  later  period  after  irradiation  (days  7-0)  the 
92  mgr.  for  l."U  minutes  mode  of  application  ot"  the  radium 
dose  is  still  associated  with  the  more  profound  changes,  par- 
ticularly as  regards  the  occurrence  of  inflammation  in  the 
sub-columnar  cells  and  the  degenerative  changes  in  the 
columnar  cells  and  nuclei.  Proliferative  activity  of  the  co- 
luumar  cells  is  similar  to  that  which  obtains  when  oN  mgr. 
for  .SO  minutes  have  been  applied. 

Miilsf  SqiKiiibnii.s  Retjioa. — In  this  region  the  radium  dose 
as  applied  in  the  88  mgr.  for  80  minutes  form  produces  the 
maximum  amount  of  alteration  of  the  cells.  The  nuclei 
become  swollen,  clear,  and  stain  badly,  and  the  number  of 
mitoses  is  reduced.  A  certain  amount  of  actual  desquama- 
tion of  superficial  layers  is  seen.  The  sphincter  ani  muscle, 
w'hich  lies  in  close  relation  to  the  moist  squamous  epithelium, 
is  also  more  affected  by  this  method  of  applying  the  radium 
dose.  No  recognisabh;  inflammatory  change  is  produced  by 
either  method  of  applying  the  radium  dose. 

Dry  Srpijimous  Region. — Here  the  88  mgr.  applied  for 
30   minutes  produces  the  greatest  effects,    reducing    mitotic 
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activity  to  a  marked  extent,  and  leading  to  swelling, 
transparency,  and  poor  staining  of  the  epithelial  cells,  with 
some  desquamation  of  superficial  keratinised  layers  of  cells. 
Changes  in  the  epidermal  structures  (sebaceous  glands,  hair 
follicles)  and  in  striated  muscle  are  less  marked  with  this 
than  with  the  method  of  applying  the  radium  dose  b}'  means 
of  92  mgr.  for  13j  minutes. 

In  spite  of  the  fact  that  the  squamous  epithelium  regions 
offer  a  great  contrast  to  the  columnar  epithelium  regions  in 
their  reactions  to  the  two  types  of  applying  the  radium  dose, 
it  must  not  be  assumed  that  the  moist  and  the  dry  varieties  of 
squamous  epithelium  behave  exactly  in  the  same  way  v*^hen 
considered  inter  se.  Examinations  of  the  various  data  show 
that  dry  squamous  epithelium  is  more  vulnerable  than  the 
moist  variety.  Thus  oS  mgr.  for  oO  minutes  reduces  the 
mitoses  in  dry  sc^uamous  epithelium  to  "lo  of  the  normal,  but 
only  reduces  those  of  moist  squamous  epithelium  to  "o.  A 
similar  difference  in  vulnerabilit}'  is  seen  with  an  applica- 
tion of  02  mgr.  for  loi-  minutes.  This  is  true  for  the  1-3  day 
period,  but  the  difference  between  the  two  types  of  epithelium 
to  identical  irradiation  is  equally  seen  when  the  values  for 
days  7-9  are  examined,  for  though  in  both  instances  it 
appears  that  the  38  mgr.  for  30  minutes  is  more  effective  in 
reducing  proliferative  activity  than  92  mgr.  for  131  minutes, 
the  moist  squamous  variety  is  less  profoundly  affected  in  this 
direction  than  the  dry.  Indeed,  the  moist  squamous  cells 
under  92  mgr.  for  131  minutes'  irradiation  now  show  that  the 
reduced  proliferative  activity  has  given  place  to  an  actual 
stimulation,  the  number  of  mitoses  being  double  the  normal. 

Indications  for  Treatment  in  Cases  of  Carcinoma. — In  the 
treatment  of  patients  it  is  clear  that  attention  must  be  paid, 
not  only  to  the  actual  epithelial  cells  which  form  the  charac- 
teristic feature  of  the  new  growth,  but  also  to  the  stromal 
tissue  in  which  those  cells  are  embedded  and  the  normal 
tissues  which  may  be  in  the  immediate  neighbourhood  of  the 
growth.  Hence  it  is  necessary  to  consider  the  types  of  epi- 
thelial cells,  with  the  peculiar  types  of  sub-epithelial  tissue, 
the  peculiar  types  of  muscular  tissue  (and  any  specialised 
epithelial  structures  which  may  be  present),  as  complexes. 
Clearly  it  would  be  little  advantage  to  destroy  the  malignant 
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epithelial  cells  if  the  normal  elements  of  the  complex  were  so 
profoundly  chancjed  as  to  be  incapable  of  recovery.  The 
desideratum  is  maximal  injury  to  malionant  cells  with 
minimal  injury  to  non-maliiinant  structures  that  are  closely 
bouml  up  with  the  malignant  growth. 

Tt  appears  from  the  experiments  that  the  probability  of 
inriicting  damage  on  the  epithelial  cells  without  injuring 
other  tissues  is  far  greater  in  the  case  of  dry  squamous 
epithelium  than  in  the  case  of  moist  squamous  epithelium, 
and  in  the  case  of  Itoth  of  these  is  far  greater  than  in  the  case 
of  columnar  epithelium.  Irradiation  of  columnar  epitheliuu), 
indeed,  always  appears  to  bring  in  its  train  an  inHammatory 
reaction  of  the  sub-mucous  tissue.  Nevertheless,  the  mode  of 
application  of  a  given  radium  dose  is  of  great  importance. 
The  radium  dose  being  a  product  of  tw<j  factors — quantity 
of  radium  and  length  of  exposure  —  they  may  be  varied  in- 
definitely in  inverse  directions  without  altering  the  "  radium 
dose."  But  the  experiments  show  with  the  greatest  clearness 
that  the  same  arrangement  of  time  and  quantity  in  a  radium 
dose  produces  very  ditterent  effects  when  acting  upon  the 
three  types  of  epithelial  tissues  (considered  as  complexes). 
Hence  the  optimum  arrangement  of  radium  dose  for  the 
treatment  of  a  columnar  cell  carcinoma  with  its  attendant 
tissues  is  different  from  the  optimum  arrangement  for  treat- 
ing a  carcinoma  of  dry  squamous  epithelium  with  its  attendant 
tissues.  The  experiments  show  that  maximal  effects  on  the 
epithelial  cells  and  minimal  effects  upon  the  associated  tissues 
are  produced,  in  the  case  of  a  columnar  cell  growth,  when 
(juantity  of  radium  is  relatively  great  and  length  of  exposure 
of  the  tissues  is  relatively  small,  l)ut  is  produced,  in  the 
case  of  a  dry  S([uaraous  cell  growth,  when  the  (quantity  of 
radium  is  smaller  and  the  length  of  exposure  to  the  rays  is 
increased. 

From  the  experiments  no  indication  is  given  as  to  the 
actual  quantity  of  radium  or  length  of  exposure  that  should 
he  used  in  treatment  of  a  carcinoma  of  dry  squamous  cell 
type.  They  indicate,  however,  with  great  clearness  that 
if  X  mgr.  of  radium  bromide  acting  for  _y  hours  produce 
optimum  results  of  a  cutaneous  S([uamous  cell  carcinoma, 
coder  in  pav'ihihs,  x  must  be  increased  and  y  must  be  diminished 
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in  oi'iler  to  obtain  the  optiniuni  results  in  n  colinnnar  cell 
carcinoma. 

In  the  case  of  carcinomata  of  moist  s(|uamous  surfaces  the 
indications  are  not  quite  clear.  So  far  as  concerns  the 
epithelial  cells  themselves,  probably  the  quantity  factor  x 
might  remain  as  for  cutaneous  squamous  cell  carcinoma,  the 
time  factor  //  being  prolonged,  but  it  must  be  rememl  ered 
that  a  carcinoma  of  a  moist  squamous  surface  is  in  close 
relation  with  sub-mucous  tissue  upon  which  increase  of  the 
time  factor  acts  injuriously.  Hence  the  indications  ditler 
according  to  the  size  and  situation  of  the  growth.  If  the 
growth  be  small  and  sub-mucous  tissue  be  in  close  relation, 
the  time  factor  should  probably  be  kept  as  low^  as  possible, 
and  the  <|uantity  factor  should  be  high.  On  the  other  hand, 
if  the  growth  be  large,  and  sub-mucous  tissue  be  relatively 
at  a  distance,  the  quantity  fa.ctor  should  be  kept  as  lo"\v  as 
possible  and  the  time  factor  should  lie  raised. 

Regarding  the  columnar  cells  and  sub-mucous  tissues  on 
the  one  hand,  and  the  squamous  cells  and  sub-cutaneous 
tissues  on  the  other,  as  complexes,  and  considering  the  total 
action  of  radium  doses  eight  times  as  great  as  those  pre- 
viously dealt  with,  it  is  seen  that  the  time  and  quantity 
factors  of  the  radium  dose  play  the  contrasting  parts  which 
have  already  been  mentioned.  Thus  in  Fig.  2  are  show^i  low 
magnifications  of  two  preparations,  the  upper  of  which  was 
exposed  to  92  mgr.  RaBi-2  for  108  minutes,  the  lower  to 
o8  mgr.  for  240  minutes.  The  radium  doses  were  therefore 
identical  considered  in  respect  of  the  amount  of  ionisation 
they  produced.  The  two  rats  were  killed  on  the  9th  day 
after  irradiation.  The  changes  induced  in  the  tissues,  how- 
ever, are  widely  different,  for  in  the  specimen  with  92  mgr. 
for  108  minutes'  exposure  (upper)  the  mucous  membrane 
persists — though  high  magnification  shows  inflammatory  and 
other  changes — whereas  in  the  specimen  with  38  mgr.  for 
240  minutes'  exposure  (lower)  the  inflammation  has  been  such 
that  the  mucous  membrane  in  contact  with  the  radium  tube 
and  a  little  beyond  has  entirely  sloughed  away.  High 
magnification  show\s  the  remnants  of  the  sub-mucous  tissue 
crammed  with  inHammatory  cells,  notably  polymorphonuclear 
leucocvtes.      But   whereas    in    the    case    of    the    mucous  and 
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sub-nuK'ous  portion  tho  sukiUit  i|Uantit  v  of  railium  ai'tiiiij^  for 
the  greater  lenoth  of  tiiiu'  has  produced  tlu'  more  profouiul 
destruetive  changes,  the  exact  converse  is  the  case  when  the 
cutaneous  and  sul>-cutaneous  portion  is  examined,  for  here  it 
is  seen  that  the  inflammatory  reaction  and  destruction  of 
squamous  cells  is  greater  in  the  case  of  the  rat  exposed  to 
i)'2  mgr.  for  lOiS  minutes.  Undesirable  damage  is  better 
eliminated  by  keeping  the  quantity  factor  of  the  "  radium 
dose  "  hiiih  and  the  time  factor  Ion-  in  the  case  of  the  columnar 
cell  complex,  and  is  better  eliminated  by  keeping  the  (juantity 
factor  of  the  "  radium  dose"  low  and  the  time  factor  high  in 
the  case  (tf  the  squamous  cell  complex. 


FURTHER  OBSERVATIONS  ON  THE  PRESENCE 
OF  ALTMANN'S  GRANULES  IN  EPITHE- 
LIUM IN  CONTACT  WITH  CARCINOMA 
CELLS. 

By  WILBERFORCE    SMITH. 

The  present  research  is  an  extension  of  the  observations 
recorded  in  the  Twelfth  Cancer  Report  (1913,  p.  loo).  In 
that  paper,  invasion  of  endometrium  by  squamous  cell 
carcinoma  was  considered.  During  the  past  year,  carcinoma 
of  the  breast  and  of  the  large  intestine  have  been  made  the 
subjects  of  a  similar  research.  As  before,  attention  has  been 
directed  to  the  apparently  normal  epithelial  cells  which  were 
closest  to  the  carcinoma. 

^Methods. 

The  fixation  and  staining  methods  adopted  were  again 
those  of  Beckton.* 

Six  cases  of  spheroidal  cell  carcinoma,  one  of  duct  carci- 
noma, and  one  of  perithelioma  of  the  breast  were  examined. 
Strips  of  tissue  two  or  three  inches  long  were  cut,  radiating 
from  the  growth  in  different  directions,  and  these  were 
divided  into  a  series  of  pieces  which  were  fixed  and  embedded 
in  paraftin.  Of  five  cases  of  carcinoma  of  the  large  intestine, 
only  three  led  to  definite  results.  The  piece  of  bowel,  six  to 
fourteen  inches  long,  was  cut  open,  pinned  down,  and  frozen, 
and  a  strip  cut  along  its  entire  length.  From  this  a  numerical 
series  of  blocks  was  prepared.  In  all  cases  serial  sections 
5  /A  in  thickness  were  cut,  and  every  twentieth  or  thir- 
tieth, or  in  some  special  cases  every  single  section,  was 
mounted  and  examined,  consecutive  sections  being  stained  by 
the  acid  fuchsin,  and  by  the  hajmatoxj'iin  and  eosin  methods 
respectively. 

All  types  of  cells  in  the  neighbourhood  of  the  carcinoma 
were  examined  as  to  Altmann's  granules,  and  compared  with 

*  Archives  of  the  Middlesex  Hospital,  vol.  xxvii.,  ittlO.  Ninth  Cancer 
Keport,  p.  1\'). 
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similar  eoUs  at  a  distaiu-e  from  tlie  growth,  as  well  as  with 
the  correspondinti^  cells  in  the  next  (serial)  section  stained 
with  luematnxylin. 

IxESn.TS. 

(1»  Normal  Variation  in  Granule  Content  of  Cells. 

That  marked  variation  may  occur  in  the  number  of 
i^ranules  present  in  cells  of  the  same  type,  even  in  different 
parts  of  the  same  section,  was  emphasised  in  a  previous  paper 
(Ice.  cit..  p.  lo4).  Although  this  statement  was  made  in 
reference  to  tlie  richly  granular  epithelium  of  the  enihj- 
nietrium,  it  is  equally  true  in  tlie  case  of  the  glandular 
epithelia  of  the  breast  and  bowel,  due  regard  being  made  to 
the  fact  that  the  latter  normally  contain  far  fewer  granules 
than  the  columnar  cells  of  the  endometrium.  Especially  is 
this  the  case  in  the  intestinal  mucosa,  large  portions  of  which 
may  be  destitute  of  granules,  in  parts  remote  from  the  carci- 
noma. No  corresponding  change  in  histological  detail,  as 
revealed  by  other  stains,  appears  to  accompany  this  variation. 
There  is  occasionally,  however,  a  corresponding  but  less  com- 
plete absence  of  granules  from  the  fixed  cells  of  the  stroma. 
No  explanation  of  the  phenomenon  can  be  given. 

Fre»[uently  amid  the  collections  of  carcinoma  cells  were 
many  carcinoma  cells  which  contained  granules,  and  in  one 
case  entire  columns  of  them  were  granular.  Beckton  has 
observed  doc.  cit.  p.  l-o)  that  degenerating  (human)  carcinoma 
cells  show  Altmann's  granules,  Init  the  above  remarks  apply 
to  cells  in  which  no  evidence  of  degeneration  could  be 
oVjserved.  Some  of  these  sections  were  restained  and  differ- 
entiated by  Beckton  and  myself,  working  separately,  and 
similar  results  were  oVitainerl.  It  is  to  be  noted  that  in  mouse 
carcinoma,  Beckton  found  that  one  third  of  the  cases  showed 
so  many  Altmann's  granules  as  to  appear  non-carcinomatous, 
if  judged  by  this  test  alone  (loc.  cit.). 

(2)  Granular  Content  of  Cells  contiguous  to  the  Carcinoma. 

(a)  Breast. 

The  Epithelium  of  the  Acini  which  were  in  contact  with  or 
even  surruundt.'d  by  carcinoma  that  was  spreading  chieHy 
along  lymphatic   planes,   showed  no   change  in   its  granular 
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content,  so  long  as  the  acini  were  recognisable  as  such.  In 
one  01-  two  cases,  lobules  were  examined  which  showed 
proliferation  and  irregular  arrangement  in  excess  of  that 
occurring  in  mastitis,  but  of  uncertain  cliaracter.  From  the 
cells  of  these  Altmann's  granules  we.re  absent,  or  few  in 
number. 

The  Duct  Epithelium,  more  consistently  granular  than  the 
secretory  cells,  showed  no  variation  whatever  when  traced, 
by  means  of  serial  sections,  through  masses  of  carcinoma 
cells.  In  places  the  latter  undermined  and  insinuated  them- 
selves between  the  regular  ej^ithelial  cells,  from  which  they 
may  be  readily  distinguished  by  their  general  appearance  and 
complete  absence  of  Altmann's  granules.  In  no  instance  was 
it  possible  to  presume  the  conversion  of  innocent  into 
carcinoma  cells  by  observing  the  disappearance  of  granules. 
On  the  contrary,  typical  epithelial  cells  singly  or  in  small 
groups  were  frequently  agranular,  l>ut  showed  no  other 
resemblance  to  carcinoma  cells  in  their  vicinity.  Similarly 
an  absence  of  resemblance  to  carcinoma  cells,  when  stained 
by  ordinary  methods,  and,  indeed,  an  unbroken  l>asement 
membrane  or  muscularis  mucoste  generally  characterised  any 
strip  of  epithelium  the  cells  of  which  were  granular. 

Lymphatic  Vessels  were  traced  in  several  cases  right 
through  the  carcinoma,  which  profoundly  affected  them,  to  a 
point  of  emergence  at  which  tliey  were  again  normal.  They 
•appeared  to  be  invaded  in  various  ways,  but  no  consistent 
disappearance  of  granules  in  the  endothelium  was  noted 
such  as  might  be  taken  to  indicate  a  process  of  malignant 
conversion.  In  several  cases  direct  continuity  was  observed 
between  a  collection  of  carcinoma  cells  outside  a  lymph  space, 
and  the  endothelium.  Close  examination  of  such  a  junction 
showed  that  perhaps  two  or  three  cells  projecting  into  the 
lumen  at  that  point  were  agranular,  and  resembled  the 
carcinoma  cells  in  size  and  shape,  while  the  rest  of  the  cells 
lining  the  lumen  (endothelial  cells)  contained  an  average 
proportion  of  granules.  In  other  cases  a  lymph  space  was 
surrounded  by  carcinoma  cells,  which  multiplied  till  the 
lumen  was  almost  obliterated  ;  nevertheless  it  was  still  lined 
by  a  normal  proportion  of  granular  endothelial  cells,  whose 
general  histoloo-ical  characters  were  unchanged. 
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In  si'vnal  c-asrs  a  ly uiitliatic  xrssi'l  contained  a  mass  of 
I'aiiinoMia  tn-lls  sIiowmil;"  ilc^cnciation  (.•hauijes  ot"  vai'yin<^ 
dej^Tee.  Such  masses  were  invariably  fouml  to  be  attaclied 
at  some  point  to  the  vessel  wall,  the  stalk  and  base  being 
composed  ot"  agranular  cells  iniving  the  characters  of  carci- 
noma. The  latter  were  traceable  through  the  incomplete 
basement  membrane  into  the  stroma.  Except  at  this  site  the 
whole  lumen  may  be  lined  l>y  granular  epithelium,  or  carci- 
noma cells  at  the  base  may  extend  so  far  round  as  to  leave 
only  a  small  proportion  of  the  lumen  still  lined  by  normal 
granular  cells. 

(b)  Large  Intestine. 
It  has  not  been  possible  to  obtain  a  specimen  showing  an 
absolutely  unbroken  line  of  continuity  between  the  innocent 
and  the  carcinoma  ceils.  In  cases,  however,  in  which  only  a 
few  cells  at  the  mouth  of  a  gland  were  wanting,  it  was 
possible  to  see  that  no  disappearance  of  granules  in  the  goblet 
epitheliu.m  occurred  in  the  immediate  neighbourhood  of  the 
carcinoma.  Similarly,  where  the  carcinoma  has  advanced  in 
the  sub-mucous  and  sub-epithelial  connective  tissue,  so  as  to 
impinge  upon  the  crypts  of  Lieberkiihn,  the  cells  lining  these 
show  no  variation  in  granular  content,  nor  in  general  histo- 
logical appearance. 

CONt'LLSlONS. 

1.  The  normal  glandular  epithelial  cells  of  breast  or  large 
intestine  show  no  variation  in  their  complement  of  Altmann's 
granules,  where  such  cells  are  in  close  contiguity  with  carci- 
noma of  the  part. 

2.  There  is  no  indicati<jn,  from  the  study  of  Altmann's 
granules  in  these  tissues,  that  normal  epithelium  is  converted 
into  carcinomatous  epithelium  by  direct  contact  with  carci- 
noma cells. 


MEASUREMENTS  OF  RADIUM  RAYS  AS  USED 
CLINICALLY. 

By    S.    RUSS. 

The  nature  and  characteristics  of  the  rays  emitted  by  the 
members  of  the  radium  series  have  been  studied  in  great 
detail,  and  one  may  find  in  the  literature  of  the  sul»ject 
quantitative  data  applicable  to  the  rays  given  out  by  each 
member  from  radium  to  its  tinal  radio-active  product, 
polonium.  If  the  relative  intensities  of  the  rays  under  all 
circumstances  were  accurately  known  it  would  be  possible  to 
express  the  composite  radiation  in  terms  of  these  individual 
(juantities  ;  this  composite  radiation  is  the  immediate 
concern  of  those  engaged  in  radium  therapy,  and  the  follow- 
ing measurements  have  been  carried  out  in  order  to  provide 
data  from  which  the  general  characteristics  of  the  rays 
actually  used  under  various  conditions  may  be  clearly  seen. 
These  measurements  have  been  confined  to  the  beta  and 
gamma  rays  ;  the  alpha  rays  from  radium  do  not  penetrate 
to  a  greater  depth  than  0"1  mm.  of  any  tissue,  and  would 
therefore  only  come  into  consideration  if  the  radium  were 
administered  as  a  drinking  water  or  by  intravenous  or  subcu- 
taneous inoculation.  The  beta  and  gamma  rays  are  hetero- 
geneous to  a  marked  degree,  and  although  the  statement  that 
the  beta  rays  are  much  more  easily  absorbed  than  the  gamma 
rays  is  generally  true,  the  recent  work  of  Rutherford  and 
Richardson*  has  shown  that  some  of  the  softer  gamma  rays 
from  RaB  are  more  easily  absorbed  by  aluminium  than  are 
the  harder  types  of  beta  rays.  Since  the  separation  of  beta 
rays  by  a  magnetic  field  is  not  a  practical  clinical  issue,  it  is 
not  possible  to  say  under  all  circumstances  exactly  what 
types  of  rays  are  being  used,  but  we  are  nevertheless  able  to 
say  to  what  extent  they  are  absorbed  by  the  tissues. 

*  '•Philosophical  Magazine,"'  li»13,  p.  722. 
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The  two  c-hii-f  methods  by  wliich  ra<liuni  is  used  clinically 
are,  either  to  spread  the  radium  over  a  Hat  applicator,  or  to 
insert  the  radium  in  a  sn;all  metal  tube  (usually  of  platinum) 
of  thickness  varyini;'  from  Go  mm.  to  I'")  mm.  or  more.  The 
riat  applicator  will  first  be  considered.  X'aryiui;-  with  the 
thickness  of  varnish  covering;  the  radium,  the  radiation  will 
consist  of  a  varying;  (quantity  of  beta  and  of  gamma  rays. 
When  such  an  applicator  is  applied  to  the  superficial  tissues 
it  is  desirable  to  know  how  the  intensity  of  the  rays  decreases 
in  the  successive  layers  of  the  tissue.  It  decreases  because  of 
the  spreading  out  of  the  rays  from  the  source,  and  also 
because  of  the  absorption  which  the  rays  suffer  as  they  make 
their  way  through  the  succeeding  layers.  It  will  be  seen 
from  the  subsequent  data  that  as  far  as  the  beta  rays  are 
concerned  the  absorption  by  the  tissues  determines  this 
decrease  in  intensity  very  much  more  than  the  increasing 
distance  does,  but  that  the  decrease  in  tlie  gamma  ray  in- 
tensity is  much  more  due  to  the  distance  effect  than  to  the 
absorption  that  they  suffer. 

The  radiation  from  a  flat  applicator  has  Ijeen  studied  in 
the   following  manner:     A    shallow  cylindrical    box    of  alu- 
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minium,  2  mm.  deep  and  4  cm.  diameter,  was  provided  with  a 
mica  window,  thick  enough  to  stop  all  the  alpha  rays.  This 
box  was  fillei]  with  about  10  milli-curies,*  and  when  the  active 
deposit  (RaA,  RaB  and  RaC)  had  reached  its  equilibrium 
value,  measurements  were  made  of  the  composite  radiation 
emitted  from  it.  This  was  done  in  the  following  manner  : 
The    applicator    was    mounted    in    line    with    an    ionisation 

*One  milli-curie  is  tlie  amuunt  of  emanation  in  equilibrium  witli  1  mgr.  of  radium. 
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chamlier  (B)  (Fig.  1)  containino-  an  aluminium  disc  which  was 
connected  by  a  wire  running  through  the  amber  plugs  (D,  D) 
to  a  small  gold-leaf  electroscope  (C).  The  rays  entered  B 
through  a  very  thin  aluminium  wimlow  (A)  (about  O'OOl  mm. 
thick)  and  ionised  the  air  in  this  vessel,  which  was  measured 
by  the  rate  of  movement  of  the  gold  leaf  in  ('.  the  rays  being 
practically  excluded   from  C  by  an   intervening  mass  of  lead 


AJns  OF  AiUMiryiuM. 
Fig.  2. 

lO'o  cm.  thick.  The  cylindrical  ionisation  chamber  (i?)  was 
4  cm.  diameter  (the  same  as  the  applicator),  and  the  depth  {x) 
could  be  varied  as  requi'red  :  it  was  generally  U2  cm. 

The  composite  railiation  from  the  unscreened  applicator  is. 
very  rapidly  absorbed  by  alniuinium  sheets  placed  in  front  of 
the  vessel  B.     This  may  be  seen  from  the  hjwest  curve  (Fig.  2). 
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Tiie  ionisation  is  i-ctluciMl  to  almut  one-ti-ntli  ot"  its  initial 
value  in  i^oini,'  through  O'H  niiii.  ot"  aluiuiniuni.  The  applicator 
was  now  si-roened  with  lo  nun.  of  aluminium,  and  the  character 
of  the  emert,'ent  rays  again  determined.  From  the  miildle 
curve  of  the  same  figure  it  will  hv  seen  that  ():<  mm.  of 
aluminium  now  reduces  the  ionisation  to  47'>  per  cent,  of  its 
initial  value,  instead  of  to  10  per  cent.,  as  in  the  previous 
case ;  this  part  of  the  composite  radiation  is  of  moderate 
penetrating  power  (about  that  of  X-rays  from  a  bulb  running 
at  •')  to  ()  cm.  spark-gap,  the  softest  rays  excepted).  The 
applicator  was  then  screened  with  2  mm.  of  lead,  and  a  similar 
series  of  measurements  made.  The  data  of  special  interest 
here  are  those  at  the  beginning  of  the  top  curve  of  the  same 
diagram.  They  show  that  there  is  a  soft  component  present 
(almost  certainly  secondary  gamma  rays  produced  in  the  lead), 
which  actually  makes  the  curve  dip  below  the  preceding  one, 
although  the  bulk  of  the  radiation,  as  the  rest  of  the  curve 
shows,  is  much  more  penetrating.  The  numerical  data  for 
these  three  cases  of  the  composite  radiation  will  be  found  in 
Table  I. 

Table  I. ^Absorption  of  Co.mposite  Rays  from 
Flat  Applicator. 
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The  Absorption  of  the  Composite  Rays  by  Tissues. 

The  heterogene(jus  nature  of  the  composite  radiation, 
having  been  studied  in  aluminium,  the  extent  to  which  the 
more  easily  absorbed  of  these  rays  (curves  1  and  2)  penetrate 
various  tissues  has  been  found.  The  tissues  v/ere  those  of 
the  sheep;  they  were  mounted  on  wooden  blocks,  frozen,  and 
thin  layers  (0"Go  mm.  thick)  cut  with  a   large  size  microtone- 
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and  then  mounted  on  a  thin  mica  frame  in  front  of  the 
window  of  the  ionisation  vessel.  The  al  (sorption  by  the 
tissues  of  the  unscreened  rays  from  the  applicator  was  first 
measured,  and  then  when  the  rays  were  screened  by  I'-")  mm. 
of  aluminium,  the  data  for  which  are  collected  in  Table  II. 

When  these  data  are  plotted  out  on  diagrams  the  same 
general  features  are  noticed  as  when  the  rays  are  absorbed  by 
aluminium — viz.,  a  very  rapid  absorption  of  the  unscreened 
rays,  which  becomes  less  marked  when  the  rays  are  screened. 
From  the  data  it  may  be  seen  whether  the  tissues  absorb  the 
rays  as  their  densities  would  suggest,  and  Ity  direct  comparison 
between  the  numbers  with  those  for  aluminium  (Table  I.) 
whether  they  are,  weight  for  weight,  such  efficient  absorbers. 
From  the  general  trend  of  the  decrease  in  ionisation  in  going 
through  the  same  thickness  of  muscle,  liver,  spleen,  &c.,  it 
will  be  seen  that  the  denser  the  tissue  the  more  it  absorbs. 
After  traversing  about  3  to  3"4  mm,  of  these  tissues  the 
unscreened  composite  radiation  is  reduced  to  about  5  or 
G  per  cent,  of  its  initial  value. 

Table  II.— Absorption  of  Composite  Rays  from  Flat 

Applicator. 
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A  comparison  of  the  absorbing  powers  of  these  tissues 
with  that  of  aluminium  is  made  by  finding  the  reduction  in 
the  ionisation  that  a  certain  thickness  of  tissue  causes,  and 
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tlu'ii  tindiiiuj  from  the  bottom  curve  (Fig.  2)  tlie  thickne.ss  of 
aluminium  wliich  causes  the  same  diminution  in  the  ionisa- 
tion.  If  the  ratio  of  the  thickness  of  tissue  to  that  of 
aluminium  is  the  inverse  of  their  respective  densities,  then 
the  tissue  absorbs  according  to  a  simple  density  relation. 
This  has  been  tested  and  the  results  collected  in  Table  III. 
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The  last  column,  which  should  be  unity  if  the  above  density 
relation  holds,  shows  that  muscle  and  fat  absorb  the  rays 
very  nearly  according  to  this  simple  density  relation,  but  that 
for  the  other  tissues  aluminium  is  a  rather  more  effective 
absorber,  weight  for  weight,  than  they  are,  the  spleen  appear- 
ing to  be  the  least  efficient.  The  effect  of  any  secondary 
radiation  given  out  by  the  tissues  would  be  to  make  them 
appear  as  less  efficient  absorbers.  A  similar  procedure  with 
the  screened  rays  shows  that  the  ratio  ulb  is  ll-i,  1-22,  and 
107  for  muscle,  spleen,  and  brain  respectively. 

Absorption  measurements  are  more  easily  and  accurately 
made  with  a  substance  like  aluminium  than  with  tissues. 
When  the  coefficient  of  absorption  (A)*  of  some  radiation  has 
been  found  in  aluminium,  the  above  measurements  indicate 
that  no  very  serious  errors  would  generally  be  introduced  if 
the  coefficient  of  absorption  of  these  same  rays  in  a  tissue 
were  reckoned  from  the  simple  relation — 

,,    04  ■     i.    t    1         i.-      •    .•  ^  ■     ^-      I  density  of  tissue. 

Luemcient  or  absorption  in  tissue  =  coethcient  in  aluminium  x -. ~— :—. 

density  of  alumuiiuiu. 

In  blood-containing  organs  such  as  spleen,  liver,  kc,  how- 
ever, this  process  would  probably  give  rather  higher  values 
than  the  actual  absorption  coefficients. 

*  The  <;oetti<.-ient  of  absorption  (A)  is  obtained  from  the  relation 
_2-3()l  x(log.if,Io-log.inI) 
^-  ~7l 

where  lo  =  initial  intensity  of.  the  rays. 

I  =  intensity  after  going  through  a  distance  d. 
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The  Radiation  fiom  Radium  in  Platinum  Tubes. 
When  salts  of  radium  are  enclosed  in  platinum  tubes  the 
radiation  emitted  is  mostly  of  a  penetrating  character,  a 
thickness  of  Ol]  mm.  being-  sufficient  to  absorb  all  the  soft, 
and  a  considerable  proportion  of  the  moderately  penetrating 
beta    and    gamma    rays.      p]ven   so,    however,    the   composite 
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radiation  through  0"8  mm.  of  platinum  consists  not  only  of 
the  very  penetrating  rays  but  of  some  components  wh'ch  are 
only  completely  cut  out  by  an  additional  V'l  mm.  of  platinum 
(I'o  mm.  in  all,  or  o  mm.  of  lead). 

The  method  by  which   such  nieasurements  are  made  has 
already   been  indicated  :    the  tube  containing   the   radium  is 
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maintetl  at  a  suitable  distance  from  the  ionisation  vessel,  and 
the  -ladiial  reduetion  observed  when  layers  of  aluminium  are 
interposed  between  tlu'iii.  The  general  character  of  this  radia- 
tion may  he  seen  from  curves  (1)  (2)  (.S)  and  (4)  in  Fi^-.  :i,  corre- 
spondiui;"  to  thickness  of  platinum  0"o  mm.,  0 ')  mm.,  1  mm.,  and 
I'")  mm.  respectively.  Inspection  shows  that  the  rays  emerging- 
through  I".')  mm.  are  all  of  a  very  penetrating  character.  For 
a  thickness  of  1  mm.  there  is  a  small  percentage  of  moderately 
penetrating  rays.  Curve  2  shows  that  for  a  thickness  of 
O'.')  mm.  (tubes  of  this  thickness  are  very  often  used  clinically) 
about  20  per  cent,  of  the  ionisation  is  due  to  the  moderately 
penetrating  rays.  The  effect  of  screening  such  a  tube  with 
an  additional  millimetre  of  platinum  is  to  cut  out  all  except 
the  very  penetrating  rays.  The  presence  of  the  moderately 
penetrating  rays  is  more  evident  still  when  the  platinum  is 
reduced  to  0'3  mm.  The  numerical  data  from  which  the 
curves  are  drawn  are  collected  in  Table  IV. 


Table 

IV 

. — Ar-soKPTi()X 

OF  Rays 

FROM    PlA 

.TINUM 

Tubes. 

Thickness  of 
alniiiiniuiii 
II 

IC.3  mill,  phitiumii. 
I()iiis;itioii. 
llMJ 

(IT) 

(2) 
mill,  platiimin. 
luiiisatiiiM. 

1(1) 

(3) 
1  111111.  iilatiiiui 
lujiisatioii. 
101) 

11.       I-.")  Ill 
i< 

111.  plMtiiKim 
jiiisiitioii. 

100 

UH 

St;-.-. 

87-.-. 

94-.-. 

98-2 

(t-H 

79-2 

85-0 

91-2 

9.->'0 

(f'.l 

74-4 

83-0 

89-2 

94-.) 

]-2 

7u-2 

80-5 

88-2 

92-9 

!•:. 

6(;-4 

79-8 

87-.-. 

91m; 

l-S 

«.■>•() 

79-0 

8B-8 

9i-;i 

2-4 

Hl-S 

78-2 

85-8 

90-7 

H-il 

fiO"!! 

77-2 

84-8 

89-6 

The  Diminution  in  Intensity  of  the  Rays  in  Penetrating 
the  Tissues. 

Contining  our  attention  to  the  two  typical  cases — viz.,  the 
Hat  applicator  and  the  metal  tube — if  it  were  known  how 
the  radiation,  apart  from  aV)Sorption,  varies  in  intensity  at 
different  distances  from  the  source,  the  data  necessary  for 
finding  the  intensity  of  the  rays  at  any  required  depth  in  the 
tissues  would  be  at  hand.  To  determine  the  values  of  the 
radiation  at  different  distances  the  same  apparatus  as  in 
Fig.  1  was  used,  except  that  the  depth  (x)  of  the  ionisation 
chamber  was  reduced  from  12  to  H  mm.,  this  being  as  shallow 
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as  could  be  conveniently  used.  The  Hat  applicator  was  then 
placed  at  distances  1,  2,  8  to  10  cm.  away  from  the  face  of  the 
ionisation  chainljer,  and  the  respective  values  of  the  ionisation 
due  to  the  beta  rays  observed.  The  values  obtained  are 
collected   in   Table    V.,    the   value  at  a  distance  1   cm.   being 

Table  V. — Decrease  of  Radiation  with  Distance. 
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taken  as  100,  and  a  small  correction  applied  to  the  values  at 
the  other  distances  to  allow  for  the  absorption  of  the  rays  by 
the  air  between  the  applicator  and  the  vessel.  A  similar 
series  was  obtained  for  the  radiation  from  a  small  tube 
2"5  cm.  long-  placed  at  ditierent  distances  along  the  axis  of 
the  same  shallow  ionisation  vessel.  These  values,  also  cor- 
rected for  the  absorption  of  the  air,  are  to  be  found  in  the 
same  table.  It  will  be  observed  that  the  radiation  falls  off  more 
quickly  from  the  tube  than  it  does  from  the  flat  applicator. 

To  find  the  varying  intensity  of  the  rays  as  they  go 
through  some  tissue  of  the  density  of  water  let  us  assume 
two  typical  clinical  cases  : — 

(1)  Radium  in  flat  circular  applicator,  4  cm.  diameter, 
screened  by  2  mm.  of  lead  and  the  soft  components  (vide 
Fig.  2)  cut  out  by  a  few  layers  of  lint. 

(2)  Radium  in  platinum  tube  1'5  mm.  thick,  2-.3  cm.  long. 
Case  1. — After  going  through  2  mm.  of  lead  and  the  layers 

of  lint  the  rays  are  still  not  homogenous  but  consist  of 
moderate  and  very  penetrating  rays,  with  the  result  that 
the  absorption  coefficient  in  aluminium  gradually  diminishes. 
This  was  measured  for  varying  thicknesses  up  to  0  mm.,  and  by 
plotting  logarithmically  all  the  data  in  column  4  of  Table  1.  it 
is  found  that  after  going  through  3  to  4  mm.  of  aluminium — 
i.e.,  approximately  1  cm.  of  tissue — the  rays  are  all  of  the  very 
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With   the  help  of    this  nuuibei-  tlie  data  in  Tahle  ^'I.   have 

been  obtained  sliuwinof  the  decrease  in  the  ionisinu'  value  of 


Tahlk  VI. — Absorption  of  Composite  Radiation  r.r 
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the  rays  after  going  through  the  given  thicknesses  of  tissue, 
simply  on  account  of  the  absorption.  The  value  at  1  cm.  is 
taken  as  100,  the  value  of  2  cm.  is  got  directly  from  the 
absorption  curve.  Fig.  '2.  and  the  others  calculated  from  the 
above  coefficient. 

Case  -. — A  similar  procedure  has  been  carried  through 
here;  the  rays  which  pass  through  1"5  mm.  of  platinum  are 
all  of  the  ver}'  penetrating  type  with  an  "  effective "  co- 
efficient of  absorption  in  alumininia  of  O'^O")  cm~\  and  there- 

fore  in  tissue  ^  I      =  00/(5  cm.-^^     The  numbers  given  in  the 

same  table  are  calculated  directly  by  means  of  this  coefficient. 
(The  ditl'erent  values  of  A  are  due  to  the  different  experimental 
conditions.) 

Table  VII. — Intensity  of  Radiation  at  different 
Depths  of  Tissue. 
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The  (lata  are  now  available  for  finding  the  intensity  of 
the  rays  at  any  particular  depth  of  tissue  for  these  two  cases. 
If  the  radiation  number,  Table  V.,  is  multiplied  by  the  cor- 
responding absorption  number,  Table  VL,  the  product  gives 
the  intensity  of  the  raj'S  at  the  depth  in  question.  These 
values  at  each  depth,  that  at  1  cm.  again  being  taken  as  100, 
are  given  in  Table  VII.  and  reproduced  in  Fig.  4.  The  radia- 
tion from  the  applicator  diminishes  less  rapidly  than  that 
from  the  tube  except  for  the  first  centimetre,  in  which  the 
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more  absorbable  rays  are  stopped.  From  the  data  given  in 
Tables  I.  and  IV.  cases  corresponding  to  different  thicknesses 
of  phitinum  and  lead  shields  may  be  dealt  with. 


ON  THE  IMMUNITY  CONFERRED  UPON  MICE 
BY  RADIUM-IRRADIATED  MOUSE  CARCI- 
NOMA.* 

By  B.   H.  WEDD.  a.  C.  MUR80N,  and  S.  RUSS. 

It  has  been  shown  by  Wedd  ami  Riiss  (1912^)  that  when  the 
cells  of  mouse  carcinoma  (Twort  strain)  are  irradiated  in 
rifro  by  the  /S-rays  from  a  source  of  radium  liromide  of 
intensity  '2-  m^r.  per  s(|uare  em.,  for  periods  of  an  lionr 
and  upwards,  the  tumour  material  does  not  orow  when 
inoculated  into  normal  mice.  The  question  whether  such 
ii  radiated  but  non-tumour  formino-  material  ifives  rise  to  any 
immunity  was  put  to  us  by  Dr.  Murray,  and  the  first  part  of 
the  present  paper  provides  an  answer  in  the  affirmative.  The 
remainder  of  the  paper  is  devoted  to  the  possibility  of  some 
clinical  application  of  this  immunisino-  action. 

Immunity  Produced  by  Irradiated  Cells. 

The  techni<[ue  adopted  was  as  follows  :  Thin  layers  of 
tumour  tissue  were  exposed  to  the  radium  for  a  definite 
period  of  time  in  the  manner  already  described ;+  01  c.c.  of 
it  was  then  inoculated  into  a  number  of  medium-sized  normal 
mice.  After  fifteen  days  the  survivors  were  given  a  test 
inoculation  of  the  same  strain  of  tumour,  small  pieces  of 
wliich  were  also  inoculated  into  a  number  of  normal  mice. 
The  numbers  of  tumours  subsequently  developing  in  the  two 
sets  of  mice  were  directly  compared.  This  procedure  was 
followed  for  six  difi'erent  periods  of  irradiation. 

The  results  «jbtained  are  collected  in  Table  I.,  from  which, 
and  from  the  accompanying  curve  (Fig.  1),  it  will  be  seen  that, 
whereas  for  the  short  periods  of  irradiation  a  considerable 
degree  of  immunity  is  conferred  \)y  the  tumour  tissue,  this 
diminishes  to  an  insignificant  amount  as  the  time  of  exposure 
is  prolonged. 

*  Published  in  "Jourii.  I'.itli.  ami  Dact.,"  vol.  xviii.,  I'.tH.  t  I-i'C.  cit. 
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It  is  relevant  in  this  connection  to  recall  the  work  of 
Contarnin  (1010^),  who  showed  that  a  considerable  degree  of 
immunity  was  conferred  on  mice  by  inoculating  them  with 
the  cells  of  tumour  B,  which  had  previously  been  exposed  to 
X-rays.  Strictly  analogous  to  our  findings  is  his  observation 
that  too  long  an  exposure  to  the  X-rays  destroyed  the 
immunity-conferring  power  of  the  cells. 

Table  I. 


Time  of  Irradiation. 

Kum 

xv  of 

Mice. 

Testing 

Inoculation. 

Inoculat 

ed. 

i     Survived. 

Positive. 
1 

Negative. 

1  hour       

23 

17 

k; 

Controls 

33 

27 

20 

7 

2  hours 

20 

13 

2 

11 

Controls 

18 

17 

15 

2 

4  hours 

12 

10 

2 

8 

Controls 

16 

13 

7 

(1 

(!  hours 

34 

24 

8 

k; 

Contioh 

4.> 

33 

20 

13 

12  hours 

33 

22 

12 

H) 

Controls 

48 

37 

2:t 

8 

24  hours 

20 

2(1 

1(1 

1(» 

Controls 

n; 

14 

7 

7 

Peroentase  of  "Talces." 


Extent  of  Immunity 

produced. 

Irradiated. 

Controls. 

1  lidur,      5'',t  p.c. 

74  p.c. 

92  p.c. 

2  hours,  l.T-4     „ 

88     ,, 

82     „ 

-t       „       20 

53     „ 

02     ., 

6       „       33 

01      „ 

40     „ 

12       „       .54 

7'"'     ,, 

31      „ 

24       „       50 

5(1     ,, 

0     ,. 

One  experiment  corresponding  to  an  exposure  of  six  hours  is  not  includeil  owing 
to  the  failure  of  the  controls/only  three  out  of  fourteen  mice  surviving. 


In  the  preceding  results  the  immunity  conferred  by  the 
irradiated  tumour  has  been  tested  fifteen  days  after  its 
inoculation  into  the  mice.  The  simultaneous  inoculation  of 
normal  and  irradiated  pieces  of  tumour  into  the  same  mouse 
has  l)een  shown  in  the  previous  paper  to  lead  to  nearly  the 
.same  percentage  of  "  takes "  as  when  normal  tumour  alone 
was    inoculated.     This    is    still    the    case    when   small    pieces 
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(volume  a^)Out  O'OOo  c.c.)  of  normal  tumour  are  put  into  the 
ri.ii;ht  axilla,  anil  a.s  much  as  0"1  c.c.  of  irradiated  material 
into  the  left  axilla,  as  may  be  seen  from  the  data  in  Table  II. 

Table  II. 


J?mall  piece  in  rij^ht  axilla,  (fl  t-.c.  / 

11 

111 

1 

irradiated  tumour  in  left  axilla    \ 

Small  piece  in  right  axilla  (cdntitils) 

^l■^ 

21 

I'.t 

2 

In  view  of  the  considerable  degree  of  immunity  which 
this  ([uantity  (O'l  c.c.)  of  irradiated  tumour  can  produce  after 
fifteen  days,  this  result  clearly  shows  the  importance  of  the 
time  factor. 

It  has  already  been  shown  *  that  irradiated  cells  when 
injected  persist  in  the  animal  for  several  days ;  that  they 
appear  to  proliferate  to  some  extent,  more  numerous  cells 
being  seen  up  to  about  the  sixth  day  than  in  grafts  removed 

*  Loc.  cit. 
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at  an  earliei'  date  ;  but  that  soon  afterwards  the  cells  diminish 
in  number,  so  that  at  about  the  eighth  day  the  graft  consists 
of  tibrous  tissue  with  only  a  few  scattered  tumour  cells 
recognisable.  Similar  series  of  grafts  have  since  l)een 
examined  in  order  to  compare  the  effects  of  irradiation  for 
more  prolonged  periods  with  those  previously  observed. 
Tumour  tissue  has  l)een  irradiated  for  one,  six,  twelve,  and 
twenty-four  hours,  injected  into  mice  simultaneously  with 
non-irradiated  tissue,  and  the  grafts  removed  for  investigation 
at  intervals.  Nothing  definite  has  been  observed  with  regard 
to  the  effect  of  the  increase  of  dose,  the  variations  in  the 
different  grafts  examined  being  too  great  to  allow  of  a 
satisfactory  comparison ;  but  it  has  been  found  that  even 
after  an  exposure  of  twenty-four  hours  the  tumour  tissue 
behaves  in  a  manner  similar  to  that  after  comparatively  short 
exposures,  such  grafts  and  the  controls  removed  together  on 
the  sixth  day  after  inoculation  being  so  similar  that  tl':ey  can 
easily  be  confused,  the  tumour  cells  showing  mitoses  and 
being  more  numerous  than  in  grafts,  irradiated  or  control, 
removed  at  an  earlier  date.  This  observation  is  contrary  to 
what  might  have  been  anticipated  from  the  immunising  action 
of  such  irradiated  tissue.  In  view  of  the  lack  of  immunity 
conferred  by  such  tissue,  after  an  exposure  of  twenty-four 
hours,  it  seemed  probable  that  the  power  of  these  tumour 
cells  of  persisting  and  undergoing  proliferation  would  also  be 
destroyed,  for  Haaland  (1910^)  has  shown  that  protection  is 
associated  with  the  injection  of  living  cells. 

Immunity  after  Operation. 

Several  observers  have  recorded  that  in  spite  of  careful 
surgical  removal  of  well-established  tumours,  there  is  a 
considerable  liability  to  recurrence ;  this  is  generall}^  attri- 
buted to  minute  traces  of  the  tumour  having  been  left  behind. 

Whether  the  frequency  of  such  recurrence  could  be 
diminished  by  the  inoculation  of  irradiated  tumour  cells  has 
been  tested  in  the  following  manner:  A  number  of  mice  were 
inoculated  with  small  pieces  of  normal  tumour  ;  after  about 
three  to  four  weeks  the  growing  tumours  were  surgically 
removed  under  ether,  and  on  the  following  day  the  mice  were 
inoculated  subcutaneously  with  O'l  c.c.  of  their  own  tumour. 
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after  it  lia<l  lu'i-n  in-ailiatfil  just  sutiiciontly  lon<^'  to  ensure 
that  it  would  not  i^row  a^ain  upon  inoculation.  These  mice 
were  kept  under  observation  to  see  whether  recurrence  would 
occur  at  the  site  of  removal  of  the  tumour.  As  these  experi- 
ments proceeded  it  was  seen  that  the  reinoculated  tumour 
material  took  a  considerable  time  to  be  completely  absorlieti, 
and  that  recurrences  occurred  during;  this  time. 

It  was  felt  that  if  some  means  could  be  found  by  which 
the  absorption  of  this  material  could  be  accelerated,  it  would 
be  an  advantage.  Intraperitoneal  inoculations  were  attempted, 
but  this  method  proved  too  fatal  to  continue  with,  for  of 
twelve  mice  operated  upon  and  treated  in  this  w^ay  only  two 
survived  one  month,  one  of  which  showed  a  recnrrenee  at  the 
fifth  week  after  operation. 

Return  was  therefore  made  to  subcutaneous  inoculation  of 
the  irradiated  tumour,  but  previous  to  irradiation  a  small 
(juantity  of  physiolooical  saline  was  added  to  it,  and  the 
emulsion  was  kept  agitated  in  a  mechanical  shaker  for  thirty 
or  forty  minutes,  to  ensure  a  uniform  suspension.  This  was 
inoculated  into  the  mice  in  two  doses  of  OOo  c.c.  each, 
generally  on  the  first  and  fourth  days  after  operation,  and 
the  mice  were  kept  under  observation  as  before. 

For  purposes  of  comparison  it  is  necessary  to  knnw  what 
is  the  normal  frequency  of  recurrence  of  the  tumour  alter 
operation  ;  and,  in  view  of  its  probable  dependence  upon  the 
technique  of  the  operator,  these  controls  have  been  done  at 
intervals  extending  over  the  whole  period  during  which  this 
kind  of  experiment  has  been  in  progress. 

From  the  collected  results  in  Tables  ill.,  1\'.,  and  \'.,  it 
will  be  seen  that  without  any  subsecjuent  treatment  there 
were  recurrences  in  G8  per  cent,  of  the  cases ;  this  percentage 
fell  to  48  per  cent,  when  the  mice  operated  on  were  reinocu- 
lated with  0"1  c.c.  of  their  own  tumour  after  it  had  been 
irradiated,  and  to  24-  per  cent,  when  they  were  given  irradiated 
emulsion  in  two  separate  doses  of  005  c.c. 

It  will  be  seen  from  the  tables  that  of  the  thirty-eight 
treated  mice  which  survived  one  month,  fourteen  recurred, 
i.e.,  -M  per  cent,  compared  with  GS  per  cent,  in  the  case  of 
untreated  animals.  The  recurrences  in  the  treated  animals 
appeared  at  a  ratht-r  lattM-  date  than  in  the  controls. 
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Table  III. — Ti'-eaty-^ix  Mice  operated  on. 

Treatment         ...         ...         ...         ...     fl"l  c.c  irradiated  tumour 

Result....  ...         ...         21  survived  1  month 

Weeks  after  Operation. 
12  3  4  5 

10  Recurrences         H         1         8         1         2 

Table  IV. — Forty-four  Mice  operated  on. 

Treatment  ...         ...         ...     O'O.")  c.c.  irradiated  emulsion  (twice) 

Result  ...         ...         ...     17  survived  1  month 

Weeks  after  Operation. 

12  3  4 

-t  Recurrences     ...         ...     1         1         -         2 

Table  V. —  Thirty-one  31  ice  ape  rated  on. 

Xo  Treatment 

Result...         ...         ...         ...         ...         ..,     I'.i  survived  1  moutli 

Weeks  after  Operation. 
12  3  4.=) 

lo  Recurrence.-  ..,         ...         ...         ...     7         S         2         -         1 

It  may  be  questioned  whether  an  analoo-ou-s  procedure  to 
the  above  is  justifiable  in  operable  cases  of  malignant  disease 
in  linman  beings.  Although  the  frequency  of  recurrence  is 
reduced  to  about  one-half,  the  percentage  of  trea*^ed  animals 
surviving  one  month  was  o4  per  cent,  compared  with  61  per 
cent,  in  the  case  of  the  controls.  The  mice  cannot  generally 
be  said  to  appear  well  during  the  treatment,  and  it  is  possible 
that  the  reduced  frequency  of  recurrence  is  in  some  measure 
due  to  this  condition. 

Summary. 

1.  Mice  are  made  immune  to  inoculation  of  carcinoma 
(Twort^  by  means  of  irradiated  tumour  cells. 

2.  Prolonged  irradiation  of  the  cells  abolishes  this 
immunity-conferring  power,  but  does  not  prevent  an  initial 
proliferation  on  their  part. 

o.  Some  evidence  is  brought  to  show  that  the  freijuency 
of  recurrence  of  this  tumour  after  operation  is  diminished  if 
the  mice  are  reinoculated  with  irradiated  tumour. 

References. 

^  Contamin,  "Compt.  rend.  Acad,  des  Sci.,"  Paris,  li<10,  tome  cl..  p.  128. 
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^  Wedd    and    Russ,  "Journ.  Path,  and    Bacteriol.,"  Cambridge,  l'J12-13,  vol. 
xvii.,  p.  1. 


EXPERIMENTS  TO  DETERMINE  WHETHER 
VARIATIONS  IN  TEMPERATURE  INFLU- 
ENCE THE  EFFECTS  PRODUCED  WHEN 
MALIGNANT  CELLS  ARE  IRRADIATED 
BY  RADIUM  BROMIDE. 

By  E.  H.  LEPPER. 


The  experiments  were  suorgested  by  the  marked  differences 
that  obtain  between  clinical  findings  and  the  results  of 
laboratory  experiments. 

Morson  has  shown  that  a  tube  containing  100  mgr.  of 
radium  broir.ide  inserted  into  a  carcinomatous  growth  and 
kept  there  for  24  hours  leails  to  a  definite  necrosis  of  the 
cells  surrounding  the  tube. 

Russ,  working  with  mouse  carcinoma  and  rat  sarcoma, 
has  found  that  irradiation  of  grafts  for  about  H  hours  by 
7  mgr.  of  radium  bromide  is  sufficient  to  prevent  their  con- 
tinuous growth  after  inoculation,  but  that  even  24  hours 
radiation  outside  the  body  does  not  lead  to  any  detectable 
histological  changes. 

When  a  tumour  is  radiated,  in  situ,  it  is  possible  that 
the  circulating  blood,  the  tissue  ferments,  and  the  body 
temperature  play  an  important  role  in  the  results  obtained. 
Russ  suggested  that  by  radiating  malignant  cells  at 
37°  C,  it  would  be  possible  to  find  out  whether  the  body 
temperature  is  one  of  the  factors  responsible  for  the  clinical 
findings. 

The  results  are  shown  in  Table  I.  Fifteen  minutes  radia- 
tion at  35°  C.  is  apparently  sufficient  to  prevent  the  graft 
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Exi'KRIMKNTS    WITH    MoTSE    CARCINOMA. 

Table  1. 


Nuuilit-rof  Mice  ^urviviiu 


Suuivc  uf 

Time. 

•iVuii.^  a- 
tiire. 

Ueniai-k^. 

Radiation. 

28  days. 

Positive. 

40  days 

Positive. 

5  mgi\  RaBr 

"  Nil" 

1.5  mill. 
■M     „ 
(50     ,. 

m°  c. 

6 

8 
7 

0 
0 
4 

5 

r, 

0 

0 
4 

Controls 

Table  II. 


Source  of 

Time.     '^'7;;',e'''" 

N umber  ut  Mice  .Surviving'. 

Radiation. 

21  days.      Po-itive, 

80  days    ;  Positive. 

7  ingr.  RaBr 

Nil 

30  min.         87°  C. 

4 
4 

3 

2 

H                  2 

H                 I            Coiitnils 

taking-.  The  control  tuinom-,s  in  this  .series  grew  more  slowly 
than  usual,  and  the  percentage  of  positive  was  low,  so  that  it 
was  thought  aiUusable  to  repeat  the  experiment  (Table  II.). 
Here,  although  the  number  of  mice  surviving  is  small,  it  is 
seen  that  30  minutes  at  37°  C.  is  not  sufficient  to  prevent  the 
growth  of  the  grafts,  so  that  the  results  of  the  first  series 
must  be  put  down  to  the  condition  of  the  tumour  at  the  time 
of  experiment,  it  was  growing  badly  and  not  in  a  suitable 
condition  for  investhration. 


Experiments  with  Rat  Sarcoma. 

The  results  are  seen  in  Table  III.  In  all  cases  the  source 
of  radiation  was  7  milligrammes  of  radium  bromide.  Thin 
slices  of  tumour  were  placed  between  sterile  sheets  of  mica, 
ringed  round  with  cement  to  prevent  drying,  and  exposed  to 
the  radium  first  one  side  and  then  the  other  for  half  the 
period  of  radiation. 

It  will  be  seen  that  the  grafts  radiated  at  37°  C.  grew  le'ss 
well  than  those  treated  at  room  temperature.     As  the  controls 
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gave  a  high  percentage  of  disappearing  tumours  the  experi- 
ment was  repeated.  In  this  series  one  set  of  grafts  was 
radiated  at  the  temperature  of  the  ice  box. 

The  results  are  seen  in  Table  IV,  The  grafts  radiated  at 
1-5°  C.  for  1  hour  10  minutes  grew  better  than  those  treated 
for  the  same  time  at  37°  C,  but  all  the  grafts  radiated  for 
1  hour  '20  minutes  grew  about  equally  well. 

An  experiment  in  which  the  period  of  radiation  was 
reduced  to  1  hour  was  carried  out,  Table  V.  Here  the  grafts 
radiated  at  87°  C.  grew  distinctly  better  than  those  radiated 
at  4°  C. 

Combined  Tablk  VI. 


Controls. 


T„™„„™*.,™             Number       Free  from  Nodules,     „      „ j. 

Temperature.            ^^  j^^^           eud  of  21  days.     ,     Percent. 

Ultimately  Free. 

Per  cent. 

Eoom 11                      0                       0 

37°  C.  for  1  hour             8                      0                        (I 
20  minutes 

5/11 

4/8 

4.5 
50 

Radiated  for  1  Hour  10  Minutes  and  1  Hour  20  Minutes. 


37°  C 

14 

7 

50 

11/13 

84 

Room 

7 

1 

14 

6/7 

85 

Cold    

" 

2 

2S 

2/4 

.iO 

In  order  to  obtain  a  clearer  view  of  the  entire  series  of 
experiments  on  rat  sarcoma,  Tables  III.,  IV.,  and  V.  have 
been  combined  in  Table  VI.,  and  the  actual  size  of  the  tumours 
obtained  graphically,  represented  in  Figs.  1  to  o,  from  which 
can  be  seen  : — 

1.  The  differences  in  percentage  of  takes  and  rate  of 
growth  between  the  control  and  radiated  grafts  (cf.  Figs.  1 
and  2  with  3,  4  and  5). 

'2.  That  heating  grafts  at  37°  C.  for  1  hour  20  minutes  has 
no  effect  on  their  rate  of  growth  (cf.  Fig.  1  with  Fig.  2). 

3.  That  grafts  radiated  at  37°  C.  grow  rather  more  slowly 
and  disappear  sooner  than  grafts  which  have  been  radiated  m 
the  cold  (cf.  Figs.  3  and  5). 
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4.  That  very  little  (litlVienc-e  can  lie  detected  between  the 
behaviour  of  grafts  radiated  at  room  ti'uiperature  (L')°  C.) 
and  those  treated  at  :>7°  C.  (ef.  Figs.  :>  and  4),  so  that  in 
experimental  work  on  rat  sarcoma  with  radium  the  ordinary 
variation  in  room  temperature  need  not  he  taken  into  con- 
sideration. 
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AN  ATTEMPT  TO  INDUCE  IMMUNITY  AGAINST 
CANCER  IN  ANIMALS  BY  MEANS  OF  HEAT. 

By  E.  H.  LEPPEK. 

The  object  of  the  experiments  was  to  detenuine  whether 
cancerous  material  heated  to  a  sub-lethal  point  is  capable  of 
conferring  immunity. 

The  tumour  employed  was  mouse  carcinoma  ("Twort" 
strain). 

The  Method  of  Heating  the  Tumour  Material. 

Glass  bulbs  '2  cm.  in  diameter  were  blown  at  the  ends  of 
glass  tubing  8  mm.  in  diameter.  These  were  sterilised,  and 
thin  slices  or  an  emulsion  of  the  tumour  were  placed  in  the 
bulb,  and  the  tube  sealed  up  an<l  put  in  a  bath  at  the  required 
temperature. 

It  was  found  by  means  of  a  thermo-electric  couple  that 
the  contents  of  such  bulbs  reached  the  temperature  of  the 
surrounding  bath  in  from  2i  to  3  minutes;  they  were  within 
one  degree  in  li  minutes. 

The  most  convenient  heating  apparatus  proved  to  1)e  a 
copper  air  bath,  heated  by  gas,  having  a  mercur}'  regulator 
and  containing  a  shallow  glass  dish  of  water  in  which  the 
l)ulbs  were  placed.  The  bath  had  a  cover  made  of  lead, 
through  a  small  opening  in  which  a  thermometer  reached  the 
water.  The  bath  was  kept  at  the  recjuired  temperature  by 
arranging  that  the  temperature  of  the  air  in  the  cuplioard 
was  a  few  degrees  higher  than  that  of  the  water.  The  tem- 
perature of  the  bottom  of  the  bath  where  the  bulbs  rested 
was  that  given  by  the  thermometer. 

If  several  bulbs  were  heated  together  the  temperature  of 
the  bath  fell  slightly  when  they  were  put  into  the  water; 
generally  the  variation  between  the  extremes  of  temperature 
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did  not  exceed  -5°  C.  The  mean  of  the  highest  and  hjwest 
temperature  durino-  an  experiment  was  taken  to  be  the  tem- 
perature at  which  that  experiment  was  carried  out. 

Preliminary  experiments  were  made  to  determine  the 
temperature  to  be  regarded  as  '"sub-lethal"  and  to  be  used 
for  preparing  the  (hypothetical)  immunising  tumour  material. 
The  aim  in  view  was  to  find  the  temperature  at  which  heating 
for  an  hour  was  sufficient  to  prevent  growth,  as  the  longer 
the  period  of  incubation  the  greater  the  risk  of  sepsis.  On 
the  other  hand,  it  was  not  desirable  to  employ  very  short 
periods  of  exposure  to  heat,  as  the  working  margin  between 
cells  sufficiently  damaged  not  to  grow  continuously,  and  yet 
be  capable  of  producing  immunity,  and  those  killed  out- 
right might  be  so  small  that  an  immunising  effect  might  be 
overlooked. 

The  results  of  heating  grafts  at  varying  temperature  for 
varying  periods  of  time  are  seen  in  Table  I.     It  was  found 


T. 

ABLE 

I. 

Temperature. 

Tiuie. 

No.  of 
Mice. 

Pe: 

[•  cent,  positive 
in  4  weeks. 

Controls. 
,  Percent,  positive. 

Keujitrk. 

37°  C. 

4  hours 

10 

'i 

50 

25 

40-8°  C. 

45  mins. 

18 

50 

75 

— 

42-25°  C. 

1  hour 

7 

25 

62 



43-3°  C. 
43-4°  C. 

15  mills. 
30      ., 

8 
5 

37 

80 

100 

j  7  weeks  63% 
1       positive 

43-2.-5°  C. 

45      ., 

3 

0 

75 



43-3°  C. 

1  hour 

8 

0 

100 



44-3°  C. 

15  mins. 

6 

66 

87 

— 

44-3°  C. 

45      „ 

6 

0 

87 

— 

.44-75°  C. 

15      „ 

5 

0 

100 

— 

44-7.5° 

i  hi.ur 

7 

II 

S5 

— 

that  heating  grafts  at  43"3°  C  for  one  hour  prevents  their 
subsequent  growth,  but  that  the  same  temperature  for  half 
an  hour  has  very  little  effect  on  the  percentage  of  "  takes," 
though  the  appearance  of  the  tumours  is  slightly  delayed  and 
the  rate  of  growth  somewhat  slower  than  the  controls. 

The  Immunising  Power  of  Heated  Tumour  Material. 

The  results  of  treating  mice  with  heated  tumour  material 
are  seen  in  Table  11.     The  percentage  of  "  takes "  in    mice 
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Taim.k   11. 


Time. 

Average 
Weight. 

Heated 
Kimilgion. 

Test 
Iiiooulatioii. 

Kiul  of 
3  weeks. 

Kiul  of 
4  weeks. 

Controls. 
Per  cent. 

No. 

11 

No. 

ii 

o  S 

Teuij). 

is 

44-30  C. 

45  mins. 

■1  c.c. 

9  days  later 

5 

60 

5 

80 

87 

87 

44-3°  C. 

2i  lirs. 

— 

•1  „ 

•1     „       „ 

4 

2.") 

4 

50 

87 

87 

43-4°  C. 

H    „ 

17-7  grin. 

•1  .1 

•*     .1       -, 

<) 

33 

3 

75 

85 

85 

43-4<'  C. 

-«*    ,, 

1.V4     „ 

•1  „ 

;»     ,,       ., 

.") 

2i> 

4 

50 

85 

85 

43-2o°C. 

1^    „ 

13-4     „ 

•1  „ 

14     „ 

(i 

1.-) 

3 

33 

54 

66 

43-5°  C. 

4")  mins. 

14 

•1      r 

l:^     n 

3 

0 

2 

0 

41 

41 

43-5''  C. 

45     „ 

l(J-()     „ 

•11.")    ,, 

13     „ 

^^ 

02 

5 

80 

41 

41 

which  received  "1  c.c.  i)  to  14  days  before  the  test  inocuhition 
is  slightly  lower  than  in  the  controls,  and  the  appearance  of 
the  tumours  is  somewhat  delayed. 

The  high  mortality  among  the  mice,  due  to  a  laboratory 
epidemic,  renders  the  numbers  too  small  to  draw  detinite 
conclusions,  but  so  far  as  they  go  they  are  in  favour  of  some 
slight  degree  of  immunity  being  produced  by  the  heated 
tumour  cells.  There  was  no  evidence  that  the  mice  were 
rendered  more  susceptible  to  inoculation. 

It  will  be  noticed,  however,  that  the  percentage  of  "  takes  " 
in  the  control  mice  was  rather  low  in  the  later  experiments  ; 
and  this,  taken  with  the  fact  that  mice  treated  with  heated 
material  do  not  seem  well  during  the  second  week  after 
injection  at  the  time  when  the  test  inoculation  is  made,  may 
be  the  explanation  of  the  results  obtained. 

For  these  reasons  the  mouse  carcinoma  was  given  up  and 
similar  experiments  were  carried  out  with  rat  sarcoma.  The 
results  obtained  are  shown  in  Tables  III.   f determination  of 


Tai'-lk  III. 


Temperature. 

Time.                      No.  of  Rats.     1  ^"  Tweekf "''' 

Controls. 
Percent,  positive. 

43-3''  C. 
43°  C. 
43-3°  C. 
43="  C. 
43-3'  C. 

30  minutes                   5           '            100 

.52        „                           5                          40 

1  hour                          5                            0 

IJ  hours                       :?                            >i 

2.i     „ 

100 
100 
100 

KiO 
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Table  IV. 


Temp. 


Heated  Emulsiou. 


Tt?t  Iiioculatiou. 


End  of  4  weeks. 


Per  cent, 
positive. 


Controls. 
Per  cent, 
positive. 


43°  C. 

U  hrs. 

-1  c.c. 

19  davs  after 

first 

3 

100 

100 

43°  C. 

li   „ 

•1  c.c.  7  days 

12  days  after 

after  first 

second 

— 

— 

— 

43-25°  C. 

n  „ 

•1  c.c. 

14  days  after 

first 

— 

■ — 

— 

43-25°  C. 

H  „ 

•1  c.c,  5  dav3 

9  days  after 

after  first 

second 

■J 

100 

100 

43-25°  C. 

n  . 

-1  c.c 

12  days  later 

•"' 

1(1(1 

lOU 

lethal  tiiiie-pei-io'l  at  43'-'C.)  and  IV.  The  injection  of  heated 
rat  sarcoma  did  not  lead  to  the  production  of  any  immnnity 
to  sarcoma  in  the  rats  so  treated  ;  on  the  contrary,  rats  which 
had  received  two  injections  of  "1  c.c.  of  heated  emulsion  bore 
laro-er  tumours  than  the  control  rats. 


THE  IMMUNITY  TO  RAT  SARCOMA  PRODUCED 
IN  RATS  BY  GRAFTS  OF  SARCOMA  WHICH 
HAVE  BEEN  IRRADIATED  BY  RADIUM. 

By  E.  H.  LEPPER. 


In  the  course  of  some  experiments  to  test  the  effect  of 
radiating  grafts  of  rat  sarcoma  at  various  temperatures  a 
number  of  rats  were  inoculated  with  small  pieces  of  tumour 
which  had  been  irradiated  by  a  7  milligramme  capsule  of 
radium  bromide  for  periods  varying  from  1  hour  to  1  hour 
20  minutes.  These  rats  were  subsecpiently  reinoculated  with 
small  pieces  of  sarcoma  to  see  if  any  difference  could  be 
detected  in  their  behaviour.  It  was  found  that  only  a  few  of 
the  rats  developed  progressively  growing  tumours,  a  number 
showed  small  nodules  which  afterwards  disappeared,  and 
about  half  were  necrative  to  the  test  inoculation. 


Tai;].i- 

I. 

Prelimiiiary 
Treatment. 

1 

G 
14 

1 

') 

0 

Disappearing 
Xodules. 

Dav  of 

Test. 

> 
1 

0 

.i. 

Disappearing 
Nodules. 

2-1  g 

Radiated  1  hr.  to 
1  hr.  20  min.  ... 

Controls  .  . 

21  (9  X  !)  miu.) 
\i)l2r>x2l  mm.) 

2!)to(;i 
:U  (u7(» 

18 

.")  (1-2  X  l-:5  cm.^ 
1           

1  ( M  t 
IlKI 

The  details  of  the  number  of  rats  which  were  positive, 
negative,  or  showed  disappearing  tumours  are  given  in  Table  [. 
together  with  the  measurements  of  the  largest  tumour  in 
each  case  which  ultimately  disappeared;  these  are  inserted 
as  the  tumour  is  one  which  may  alisorb  in  as  many  as  50  per 
cent,  of  the  cases. 
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Onl}'  those  rats  which  were  negative  or  in  which  nodules 
had  completely  disappeared  were  reinoculated. 

It  will  be  seen  that  only  3  of  the  21  surviving  rats  (14  per 
cent.)  gave  progressively  growing  tumours,  5  (23  per  cent.) 
showed  small  tumours  which  absorbed,  13  (Gl  per  cent.)  were 
negative.  The  surviving  controls  gave  100  per  cent,  of 
"  takes  "  ;  half  of  these  tumours  subsequently  disappeared. 

In  all  cases  the  nodules  occurring  in  the  rats  injected  with 
radiated  tumour  were  smaller  than  those  found  in  the  controls; 
the  largest  measured  0x9  mm.  There  was  no  doubt  that  the 
cells  had  been  adversely  aftected  by  the  radiation,  but,  as  seen 
by  the  results  of  subsequent  inoculation,  not  damaged  so  much 
as  to  abolish  their  power  of  producing  an  immunit}^  towards 
rat  sarcoma  in  a  certain  number  of  the  rats. 


Table  II. 


Preliminary 
Treatment. 

~      'Z          Disappearing 
'i      §;  1            Nodules. 

^     !3  ; 

Dav  of 
Test. 

i 
1 

S  Disappearing  i:  s  -j 
1             Nodules.             g|j3 

•z;    1                                              wf^l^ 

Eacliatedlh.20m. 

„       1  h. 

„        1  h.  20  m. 

2  0      14  (6  X  7  mm.) 

1      0  i     3(8x8  mm.) 

3  5         4  (9  X  9  mm.) 

29 
40 
61 

8 

0 
0 

6  4  (1-2  X  1-3  cm.)  100 
2  '  1  (10  X  in  mm.)  100 
.0     0          100 

In  Table  II.  the  rats  have  been  grouped  according  to  the 
length  of  time  between  the  original  injection  and  the  test 
inoculation.  The  immunity  appears  to  be  more  marked  at 
the  end  of  01  days  than  it  was  at  the  end  of  20  days.  Further 
work  on  this  point  is  now  being  conducted. 


ON  RETARDATION  OF  ELECTROSCOPIC  LEAK 
FOLLOWING  ESTIMATION  OF  RADIUM 
EMANATION  OF  THE  ORDER  10  ^  MILLl- 
CURIE. 

By  W.  S.  LAZARUS-BARLOW. 


In  li»0(i  and  r.i07  (Arch.  Middlesex  Hospital,  Fiftli  and  Sixth 
Cancel"  Repoits)  I  published  experiments  from  which  I  con- 
cluded that  a  metal  disc  placed  in  proximity  to  uranium, 
thorium,  or  pitch-blende  for  48  hours  acquires  the  property 
of  retarding  electroscopic  leak.  I  further  concluded  that  this 
retardation  reached  a  maximum  on  the  fourth  to  fifth  day  after 
removal  of  the  metal  from  proximity  with  the  radio-active 
substance,  and  that  a  return  to  noimal  rate  of  leak  occurred 
after  a  somewhat  prolonged  period. 

These  experiments  were  regarded  as  unsatisfactory  and 
the  conclusions  as  erroneous,  but  since  I  observed  apparent 
examples  of  the  same  phenomenon  from  time  to  time  while 
Working  with  the  emanation  electroscope  during  1!)11,  li>l2, 
and  1I»18,  I  determined  to  re- investigate  the  question  under 
improved  conditions. 

The  present  experiments  were  conducted  in  the  following 
way  :  The  rate  of  natural  leak  having  been  observed  for 
several  days,  the  electroscope  was  filled  with  the  gases  (at 
equilibrium  value)  boiled  off  a  solution  of  pure  radium 
bromide  (Rutherford's  or  Ramsay's  standard  solution)  having 
a  strength  of  the  order  10"''  "\^i"-  ^^-  After  the  emanation 
had  remained  within  the  electroscope  for  a  period  varying  in 
different  experiments  from  3  to  48  hours  the  electroscope  was 
exhausted  three  times  in  succession  to  1-2  cm.,  and  the  rate 
of  leak  was  observed  on  this  and  successive  days.  On  the 
fourth  or  some  subseciuent  day  the  process  was  repeated  with 
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a  similar  Ra  solution  of  similar  stren^uth,  the  object  being  to 
produce,,  if  possible,  a  cumulative  etiect. 

Charging  was  carried  out  by  means  of  the  negative 
terminal  from  storage  cells,  a  water  resistance  being  intro- 
duced, and  the  positive  terminal,  as  well  as  the  electroscope, 
being  earthed.  Fifty-four  cells  were  used  throughout  for 
charging,  and  the  telemicroscope  was  arranged  so  that  the 
deflection  (about  --j  )  corresponded  to  •")!  on  the  scale,  while 
the  terminal  was  in  contact  with  the  upright  carrj'ing  the 
gold  leaf.  Except  for  (1)  the  two  days  every  three  weeks 
during  which  the  cells  were  being  charged,  and  (2)  during* 
the  actual  observations,  the  gold-leaf  system  was  kept  at  this 
constant  potential  over  the  whole  period  of  the  investigation, 
while  the  gold  leaf  was  never  allowed  to  fall  more  than  the 
live  divisions  (50-45)  over  which  the  leak  was  uniformly 
taken  (see,  however,  note,  p.  99).  Tliis  fall  over  live  divisions 
represented  closely  a  fall  in  potential  of  10  volts. 

Experiments  were  made  to  determine  what  length  of 
charging  was  necessary  in  order  to  obtain  reliable  readings. 
As  is  shown  by  the  following  series  the  natural  leak  is 
appreciably  slower  if  the  gold-leaf  system  has  been  charged 
all  night  than  if  it  has  been  charged  only  30  seconds  imme- 
diately after  the  first  and  subsequent  estimations  of  leak. 
This  is  true,  even  though  the  leaf  have  not  been  allowed  to 
fall  below  the  five  divisions  on  the  scale  over  which  the  leak 
is  taken  on  each  occasion  : — 

10.3  a.m.  1st  observation  oOth  to  45th  division 
11.16    „     2nd 
12.24  p.m.  3rd 

1.30    .,     4th 

2.45     ,,     5th  „        ■ 

3.57    ,,     nth 

If,  however,  a  period  of  three  hours  be  allowed  for  re- 
charging after  an  observation  has  been  taken,  the  second 
reading  differs  from  the  first  by  an  amount  not  exceeding 
about  3  per  cent.  This  is  seen  by  the  following  series  of  six 
occasions  upon  which  a  second  determination  of  the  leak  was 
made  after  allowing  the  gold-leaf  system  to  be  recharged  for 


Mill. 

Sec. 

70 

17 

(i(; 

47 

03 

8 

Co 

51 

09 

16 

01 

45 
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a  period  of  o  hours  from  the  time  when  the  first  determination 
was  ended : — 


First  Determiuatiou. 

Seeond  Determinatiuii, 

Mill. 

Sec. 

Min. 

See. 

Oct.  •1\) 

7-2 

71 

45 

Nov.   (i 

7s 

40 

79 

22 

M            1-t 

NO 

•) 

85 

47 

„            2() 

77 

21      ! 

76 

48 

Dec.    3 

...       101 

:^!) 

98 

18 

-t 

1)7 

50 

9(J 

7 

For  the  actual  inve.stigation,  therefore,  the  first  determina- 
tion of  leak  after  an  all-night  cliarging  has  been  taken,  and 
in  those  experiments  *  in  which  a  second  determination  of 
leak  has  been  necessary  (Series  II  B),  a  period  of  three  hours' 
recharging  at  constant  potential  was  allowed  to  intervene 
between  the  end  of  the  tirst  determination  and  the  commence^ 
ment  of  the  second.  This  period  of  three  hours  does  not 
include  the  length  of  time  taken  by  the  leaf  to  reach  the 
50th  division  from  the  point  it  has  assumed  on  the  scale 
when  the  charging  terminal  has  been  removed  and  the  cap 
has  been  replaced  on  the  upper  part  of  the  electroscope. 

Actual  charging  was  carried  out  by  a  simple  device.  The 
negative  terminal  from  the  storage  cells,  after  passing  the 
water  resistance,  was  soldered  to  a  looped  length  of  platinum 
foil  (1 J  inch  X  ^inch),  the  other  end  of  which  ■was  soldered  to 
about  2  inches  of  platinum-iridium  wire.  This  wire,  close  to 
its  union  with  the  platinum  foil,  was  fixed  by  sealing-wax  to 
the  lower  end  of  the  stopper  of  an  ordinar}'  two-way  glass 
tap.  The  whole  was  fixed  on  a  wooden  stand,  and  it  was 
possible  to  swing  the  charging  rod  through  a  horizontal  arc 
by  turning  the  tap  whenever  it  was  desired  to  recharge  or 
disconnect.  The  standard  carrying  the  golf  leaf  terminated 
in  a  short  length  of  platinum  foil  coiled  in  such  a  way  as  to 
ensure  a  good  contact  when  charging.  Entry  of  dust  into  the 
electroscope  during  charging  was  avoided  as  far  as  possible 
by  means  of  two  superposed  cardboard  boxes  wuth  appropriate 
slits  for  the  charging  terminal.  The  air  of  the  room  was 
kej^t  dry  and  at  a  temperature  varying  a  few  degrees  on 
either  side  of  18°  C.  by  means  of  a  small  gas  stove  which 
burnt  day  and  night. 

*  See  footnote,  p.  91). 
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Experiments. 
Series  I. — Ex2^eriments  shoiuing  the  absence  of  retardation 
in  electroscopic  leak   as   the  result   of  manipulations 
necessary  for  observations  with  the  eraanation  electro- 
scope u'hen  no  radium  is  present.    {Blank  experiments). 

The  following-  series  of  N.L.  values  was  obtained  by 
Beckton  under  my  supervision  (in  the  course  of  an  investiga- 
tion upon  herrings,  published  in  Arch.  Middlesex  Hospital, 
Twelfth  Cancer  Report,  1913,  p.  14G)  by  means  of  the  same 
electroscope  as  was  used  in  the  present  investigation.  It 
indicates  that  in  the  absence  of  radium  the  manipulations 
necessary  for  making  observations  with  the  emanation 
electroscope  are  not  followed  by  retardation  of  leak.* 


X.L.  in 
div./miu. 


Mean  N.L.  in 
div./miii. 


18/12/12 

•070 

19/12/12 

•067 

20/12/12 

•068 

23/12/12 

•080 

21/12/12 

•070 

30/12/12 

•070 

31/12/12 

•059 

1/1/13 

•071 

2/1/13 

•061 

3/1/13 

•074 

4/1/13 

•071 

6/1/13 

•076 

7/1/13 

•073 

8/1/13 

•064 

t»/l/13 

•077 

10/1/13 

■071 

13/1/13 

•081 

11/1/18 

•070 

15/1/18 

•077 

16/1/13 

j       -069 

•071 


•068 


•072 


•074 


2  estimations  made  :  no  radium  found. 

1 

1 


1  estimation  made  ;  no  radium  found. 
1 


2  estimations  made  :  no  radium  found. 

1 

1 

2 


*  For  Becktou's  investigations  the  leaf  was  kept  charged  during  the  interval* 
of  experiment,  though  not  at  a  constant  potential,  being  brought  to  the  required 
starting  point  for  an  observation  by  means  of  a  Phillips  charger.  The  series  was 
carried  out  at  the  same  time  of  the  year  as  the  experiments  shown  in  Figs,  1-4, 
but  is  not  comparable  with  them  in  order  of  magnitude,  since  the  insulation  broke 
down,  and  was  repaired  August  to  September  1913.  However,  between  Decem- 
ber 12,  1912  and  February  5,  1913,  82  estimations  of  natural  leak  at  atmospheric 
pressure  were  made  with  this  instrument,  the  mean  being  "085  div./min.,  the_ 
absolute  minimum  being  ^058  div./min.,  and  all  but  eight  observartions  being 
•070  div./min.  or  upwards.  The  mean  of  the  first  half  of  the  observations  was  'Oni- 
of  the  second  half  was  "093  div./min. 
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E     9         o 


/ 


P  9  ^ 


Fig.  1. 


9G   RETARDATION  OF  ELECTROSCOPIC  LEAK 

Series  II. — Experiments  showing  the  retardation  of  electro- 
scopic  leak  ivhich  follows  on  decay  of  active  deposit 
derived  from  radium  emanation  of  the  order  10~^  milli- 
ciirie. 

(a)  Air  Unchanged  in  Electroscope  after  Removal  of  Emana- 
tion.   Leak  at  Atmospheric  Pressure. 

These  experiments  were  five  in  number,  and  are  graphi- 
cally presented  in  Fig.  1,  the  condensed  protocols  being  given 
at  the  end  of  the  paper.  In  Fig.  1  it  is  to  be  noted  that  the 
observations  on  natural  leak,  taken  daily  for  a  week  prior  to 
introduction  of  any  emanation  into  the  electroscope,  varied  to 
a  small  degree  above  and  below  the  mean  level  of  "072  divi- 
sions per  minute.  From  October  24th,  however,  to  the  end 
of  this  part  of  the  investigation  (December  1st)  the  level  of 
the  observations  slopes  downwards,  while  (with  the  excep- 
tion of  the  experiment,  November  11th  to  17th)  the  absolute 
lowest   leak  obtained   in  any  experiment  is  lower  than  that 


Div.MiN. 
•oao 

•078 

•076 

•074 

•072 
•070 

•069 
•Cb6 
•06+ 
•Ctz 
•060 
■053 
•05-6 
■C54 
•OSZ 
•050 


MEANS  OF  FIRST  FIVE  EXPERIMENTS 

(  THE  AIR  IN  ELECTROSCOPE  UNCHANGED  ) 


DAY       1  2  3 

Fig.  2. 
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obtained  in  any  of  the  previous  experiments,  so  that  the  leal." 
at  the  end  of  November  was  about  -045  division  per  minute. 


In  Fig.  2  the  different  values  obtained  on  the  first  seven 
days  of  the  five  experiments  are  reduced  to  means  and  pre- 
sented graphically.     It  is  seen  that  a  curve  is  produced  with 


H 
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the  lowest  point  on  the  fourth  to  fifth  day,  by  which  time 
the  leak  is  about  20  per  cent,  lower  than  it  was  prior  to  the 
introduction  of  radium  emanation  into  the  electroscope. 
Comparison  of  this  curve  and  that  in  Fig.  5  (which  gives  the 
means  of  the  entire  series  of  eleven  experiments  made  during 
the  investigation  without  selection)  shows  their  close  general 
resemblance. 


DIV.MIN. 
-080 

•076 

■076 

•074 

•07a 

•070 

•oba 
obfe 

•  oba 
•obo 
•ose 
•ort 
■os^ 

•OS  J 
-OSQ 

•04a 

•Otb 
•04'^ 

■on 

•040 


•|2B^>""in 


MEANS  OF  9th  ^^ND  Nth  experiments 

C  THEftlRIN  ELECTROSCOPE  CHAPJiiED  DAILY  ) 


N  .  L  -    Lt/\je-L   preA>\£f^>-s    To   oiX    Ra>jLixi/m,    i^,x^itrrtyrr\i^/y\Lt 


Lewei   prcAnovL^   b  g^Ci^  RcLcU^u/m-  eoyt/r^/meW:^  of  ojiiuTrr^pa.-r^^q  Cu/rvfc 


DAY      I 


(b)  Air   in  Electroscope    Changed   Daily    after   Removal    of 
Emanation.    Portion  of  Total  Leak  due  to  Instrument. 

Partly  because  it  was  possible  that  the  fall  in  leak 
observed  during  the  first  four  days  after  decay  of  active 
deposit  might  be  explained  by  decay  of  such  emanation  as 
was  contained  in  the   air   with   which    the  electroscope   was 
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filleil  on  the  first  day,  and  partly  because  it  was  desiraLle 
to  determine  the  portion  of  leak  due  to  the  instrument,  in 
three  experiments  leak  was  determined  (1)  at  atmospheric, 
(2)  at  diminished  pressure.  One  of  the  experiments  failed  in 
part  owin^-  to  defective  insulation  (cf.  Fig.  3,  January  Kith 
to  21st,  and  protocol  at  end  of  paper),  the  remaining-  two 
were  used  to  obtain  observations  over  a  period  of  about 
three  weeks  after  removing  emanation  from  the  electroscope 
by  three  successive  exhaustions.  The  emanation  from 
2")XlO~'^mgr.  Ra  at  equilibrium  value  was  allowed  to  remain 
in  the  electroscope  for  44,  44,  and  48  hours  respectively  in 
the  three  experiments.  The  method  of  experiment  was  as 
follows : — The  leak  at  atmospheric  pressure  having  been 
determined,  the  gold-leaf  system  was  recharged  at  constant 
potential,  and  the  electroscope  was  exhausted  to  1-2  cm. 
pressure.  After  three  hours'  recharging*  the  leak  was  taken 
at  this  diminished  pressure,  at  the  end  of  which  the  leaf  was 
recharged  for  the  night.  Next  morning  air  was  allowed  to 
enter  the  electroscope  gradually,  and  the  leak  was  taken 
when  atmospheric  pressure  had  been  regained.  In  this  way 
the  air  ami  the  residual  air  within  the  electroscope  for  the 
necessary  pair  of  determinations  of  leak  differed  to  the  least 

*  Owin^  to  the  fact  that  the  entire  period  occupied  in  obtaining  the  necessary 
(1)  leak  at  atmosplieric  pressure  (2)  leak  at  1-2  cm.  pressure  over  .5  divisions  on 
the  scale  amounted  to  about  11  hours,  observations  were  made  to  see  the  diflFerences 
intriKluced  by  taking  («)  the  leak  in  both  instances  over  3  divisions  only,  or 
(//)  leak  at  atmospheric  pressure  over  3  divisions,  leak  at  diminished  pressure  over 
."»  divisions,  or  (r)  in  both  instances  over  5  divisions,  as  in  the  previous  experiments 
of  the  investigation.     The  following  values  were  obtained  : — 

Portion  of  Total  Leak  at  Atmo- 
spheric Pressure  due  to 

Leak  taken  on  3  divisions  at  atmospheric,  3  divi- 
sions at  diminished  pressure  ... 
Leak  taken  on  '>  divisions  at  atmospheric,  ."i  divi- 
sions at  diminished  pressure  ... 
Leak  taken  on  3  divisions  at  atmospheric,  ."»  ilivi- 
sions  at  diminished  pressure  ...         ...■ 

It  was  further  found  that  if  the  first  estimation  of  leak  only  extended  over 
Stlivisions,  reliable  readings  could  be  ol>t.iined  with  two  hours'  recharging  instead 
of  three,  in  thp  last  experiment,  theref(ae  (.January  24th  onwards),  the  leak  at 
atmospheric  pressuie  was  determined  on  3  divisions,  and  the  electroscope  was 
rechargeil  for  2  hours.  In  this  way  a  saving  of  nearly  2  hours  was  made  on  the 
pair  of  ol>servations  at  a  negligible  cost  in  accuracy  of  the  results.  Leak  at 
<liminishcd  pressure  was  tletermined  on  i>  tlivisions,  as  in  all  other  cases, 

ii   2 


Air. 

liL-iti'uinciit. 

•0321  (liv./niiu. 

•o2.")4  div./niin 

•it3.">(J 

•(1227 

•03.-.3 

•((222 
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Fig.  li 


degree  from  one  another  in  percentage  composition  by  reason 
of  atmospheric  variations  in  content  of  emanation.  A  simple 
calculation  from  the  two  values  thus  obtained  rendered 
possible  a  determination  of  the  amount  of  the  total  leak  at 
atmospheric  pressure  which  was  due  to  the  instrument.     The 
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valuos  thus  obtained  are  not  quite  accurate,  since  that  part  of 
the  gohl-leaf  system  contained  in  the  upper  compartment  of 
the  electroscope  was  not  under  diminished  pressure  conditions 
when  the  electroscope  was  exhausted. 

In  Fiijf.  oB  tlie  values  obtained  in  this  way  for  the  leak 
due  to  instrument  are  represented  graphically.  A  general 
similarity  is  obvious  between  the  curves  afibrded  by  the 
instrument  leak  in  the  experiments  beginning  December  13 
and  January  24  (and  that  beginning  January  12  so  far  as  it  is 
reliable),  as  well  as  a  similarity  between  the  instrument  leak 
in  these  experiments  and  the  curves  afforded  by  the  total 
leak  at  atmospheric  pressure  in  these  and  the  other  experi- 
ments of  the  investigation  (cf.  Figs.  1  and  3a,  also  Figs.  2, 
4a,  5). 

In  Fig.  4ii  is  given  the  composite  curve  of  the  "  instru- 
ment values  "  of  the  experiments  beginning  December  13  and 
January  24,  Fig.  4a  being  the  composite  curve  of  the  total 
leak  at  atmospheric  pressure  in  the  same  experiments  for  the 
first  nine  days. 

Similar  evidence  of  a  reduction  in  the  rate  of  leak  due  to 
the  instrument  is  seen  in  certain  values  obtained  prior  to  this 
part  of  the  research.  Thus  reference  to  the  protocols  at  the 
end  shows  that  on  March  '2Gth,  1013,  the  instrument  leak  was 
•04")  div./min.,  that  after  four  radium  estimations  it  was  "OS?, 
and  that  after  a  month's  rest  it  was  •04G.  Similarly,  on 
November  2(Sth  the  instrument  leak  was  '031  div./min.,  and 
on  December  8th,  after  two  radium  estimations,  it  had  fallen 
to  "024  div./min. 

Series  III. — Experiment  shoiuing  the  failure  to  find  a 
retardation  of  electroscoj^ic  leak  following  on  the  decay 
of  active  deposit  derived  from  radium  emanation  of 
the  order  lo  mllli-curie. 

In  view  of  the  cumulative  effect  which  is  apparent  in  the 
previous  experiments  it  was  thought  possible  that  with  the 
use  of  large  quantities  of  emanation  a  retardation  might 
occur  which  would  be  demonstrable  with  ease.  As  is  seen  by 
the  following  experiujcnt  this  event  did  not  obtain.  On  the 
contrary  an  increasing  acceleration  of  leak  (presumably  due  to 
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the  fonnation  of  RaE  and  RaF)  manifested  itself  over  the 
period  of  live  weeks,  during  which  observations  were  made. 
A  platinum  wire  1  inch  in  lenoth  was  made  the  negative  pole 
of  a  small  circuit  in  15  milli-curies  for  a  period  of  12  days. 
At  the  end  of  the  same  day  of  removal  from  the  emanation 
the  leak  due  to  the  platinum  wire,  in  an  alpha  ray  electro- 
scope of  constant  capacity  (Arch.  Middlesex  Hospital,  Eleventh 
Cancer  Report,  1912,  p.  80),  was  1'54  div./min.  Next  day  the 
wire  caused  a  leak  of  '4)55  div./min.  Subsequent  readings 
during  the  first  two  weeks  gave  mean  values  as  below  : — 

1st  week  ...  '480  div./min. 

2nd      „  ...         -689 

On  the  14th  day  the  reading  was  '843  div./min.,  and  with 
the  idea  that  emanation  might  be  occluded,  the  platinum  wire 
was  momentarily  raised  to  redness  in  the  flame!  The  leak 
immediately  fell  to  '225  div./min.,  and  the  mean  readings  for 
the  succeeding  weeks  were  : — 

3rd  week         ...  "234  div./min. 

4th      „  ...         -301 

.5th      „  ...         -380 

At  no  time,  therefore,  was  any  evidence  of  retardation 
discernible.* 

Summary. 

From  the  preceding  sections  it  is  seen  that  there  is  sub- 
stantial agreement  amongst  the  various  experiments  consti- 
tuting the  research.  If  all  the  values  obtained  in  the 
investigation  for  leak  at  atmospheric  pressure  be  tabled 
according  to  the  day  after  removal  of  emanation  on  which 
they  were  observed  a  composite  curve  can  be  drawn.  This 
has  been  done  in  Fig.  5  (no  value  being  excluded  even  though 
it  be  probable  that  it  is  erroneous,  e.g.,  values  of  January  15th 
to  21st,  1914)  for  the  day  during  which  decay  of  active  deposit 
was  taking  place,  and  seven  days   subsequently.     It  will  be 

*  A  similar  difEerence  between  the  action  of  small  and  of  large  quantities  of 
radium  was  found  by  Beckton  and  myself  to  obtain  in  the  case  of  the  ova  of 
Ascaris  megalocephala  (Arch.  Middlesex  Hospital,  Twelfth  Cancer  Report,  1913, 
p.  i7).  "We  found  that  whereas  exposure  of  the  ova  to  the  alpha,  beta,  and  gamma 
radiations  of  radium  in  quantities  of  the  order  5  x  10-'  mgr.  for  30  hours  accelerates 
the  rate  of  subsequent  division,  exposure  to  greater  quantities  or  for  longer  periods 
progressively  retards  the  rate  of  subsequent  divisimi. 
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recoynisod  from  inspection  of  tlie  following  tcable,  from  which 
Fig.  .")  is  drawn  up,  that  the  means  for  the  tirst  four  days  are 
based  on  the  entire  series  of  eleven  experiments,  and  are 
therefore  more  satisfactory  than  those  for  the  last  three 
^lav^•>  :    - 


Exj)eri- 

DuriuK 
Decay  o 

Active 
Deposit 

Le.ik 

on  Days  after  Decay  of  Active  Deposit. 

nieut. 

1     Dayl. 

Day  2. 

Days. 

'    Day  4. 

;Day5. 

Day  6. 

Day  7. 

Div  /Mil 
,    -137 

1.     Div.  M in. 

Div./.Min. 

Div./ Mill. 

Div./Miii. 

Div./ Mill. 

Div./Min. 

Div./Min. 

I. 

•100 

-  •osi 

[   ^069 

r  •loi 

•066 

•06 1 

•061 

•058 

" 

— 

II. 

\    •0113 
(    •084 

'         -063 

•060 

•o.-;9 

■055 

— 

— 

III. 

I    -405 
1    -310 

•11(50 

•0.58 

•064 

•052 

•052 

•056 

•057 

IV. 

-    -225 

1    'U7 
I  ^072] 

-    ,      •OlJ4 

•060 

■or>6 

•058 

•064 

•061 

•063 

V. 

)    ^262 
(    •069 

•064 

•0.}3 

•052 

•064 

•057 

— 

•066 

VI. 

•044 

■049 

•051 

•053 



. 

. . 

VII. 

— 

•087 

■084 

•079 

•046 

— 

— 



VIII. 

(    •2031 
•13J 
"    ^069 

,    -041 

•041 

•040 

•043 

— 

— 

— 

IX. 

•048 

•043 

•043 

•048 

•041 

— 

•043 

i   -061 

X. 

1    •0.">8 
r    ^263 

or.-, 

t         •018 

•068 

•063 

•066 

•1172 

•067 

•0S9 

XI. 

]     •107 

•(11. -> 

•(•42 

•038 

•040 

•038 

•041 

(    "056 , 

■om;:, 

•0.")  .■,.'. 

•o,-,2s 

Means 

•137G 

■(H'lUU 

•11543 

•0555 

•0598 

In  comparini;'  this  composite  curve  of  all  experiments  with 
Fig.  2,  a  composite  curve  of  the  first  five  experiments  and 
Fig.  4a,  a  composite  curve  for  the  ninth  and  eleventh  experi- 
ments beginning,  respectively,  December  13  and  January  24, 
it  is  seen  that  although  a  general  similarity  in  shape 
of  the  three  curves  is  recognisable  yet  there  are  certain 
differences.  These  are  best  determined  by  comparing  Figs.  2 
and  4a.  In  tht-  curve  from  e:irly  experiments,  the  lowest 
portion  is  on  the  fourth  day,  is  10  per  cent,  lower  than  it  was  on 
the  first  da^',  and  20  per  cent,  lower  than  the  mean  level  of 
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natural  leak  prior  to  the  introduction  of  radium  emanation 
into  the  electroscope.  In  the  curve  from  late  experiments,  on 
the  other  hand,  the  lowest  portion  is  on  the  fifth  to  sixth  day, 
is  18  per  cent,  lower  than  it  was  on  the  first  day,  and  40  per 
cent,  lower  than  the  mean  level  of  natural  leak  prior  to  the 
introduction  of  radium  emanation  into  the  electroscope. 
This  evidence  for  a  cumulative  eftect  is  supported  Ly  the 
behaviour  of  the  later  parts  of  the  two   curves,  the  curve 
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MEANS   OF  ALL   EXPERl^iENTS 
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DAY       )  Z 

Fig.  5. 


from  early  experiments  rising  8  per  cent,  in  three  days,  while 
the  curve  from  late  experiments  rises  7  per  cent,  in  three  to 
four  days. 

From  the  daily  determinations  of  the  portion  of  leak  due 
to  instrument  it  is  seen  that  after  it  had  contained  radium 
emanation  a  diminution  was  manifested  in  the  leak  for  which 
the  instrument  could  be  held  accountable.  This  diminution 
was  progressive,  and  set  in  with  comparative  rapidity,  but 
recovery    was    slow.       Thus    examination    of    the    curve    in 
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Fiij.  4i'.  shows  that  by  the  1:2th  to  18th  day,  wlicn  the 
ininimiiiii  was  voached,  leak  had  ftJlen  from  "Or^lT  div./inin. 
on  the  Hist  day  to  "0173  div.  inin.  ('20  per  cent.),  whereas 
from  this  time  till  the  24th  day  the  rise  was  from  "OIT")  to 
•OIJ)')  div.  inin,  (11  per  cent). 

It  thus  appears  from  the  entire  investigation  that,  subse- 
quent to  the  decay  of  active  deposit  derived  from  radium 
emanation  of  the  order  10~^  milli-curie,  electroscopic  leak 
shows  a  progressive  retardation  followed  by  a  recovery  which 
is  slower  than  the  initial  fall  in  rate  of  leak.  This  retarda- 
tion is  associated  with  a  progressive  diminution  in  the  portion 
of  the  total  leak  which  is  referrible  to  the  instrument,  and, 
similarly,  the  recovery  from  a  retarded  condition  that  obtains 
in  the  case  of  the  total  leak  is  associated  with  a  progressive 
recovery  on  the  part  of  the  leak  due  to  instrument.  Hence  a 
general  similarity  obtains  between  the  curve  described  by 
plotting  out  the  values  ascribable  to  the  instrument  and  the 
curve  given  by  values  obtained  for  instrument  and  air  at 
atmospheric  pressure.  ISIo  such  retardation  of  leak  was  found 
in  the  case  of  blank  experiments,  nor  was  retardation  found 
after  the  decay  of  active  deposit  from  lo  milli-curies  for 
12  days  upon  a  platinum  wire.  In  the  latter  instance  there 
was  observed  by  the  alpha  ray  electroscope  a  progressive 
increase  of  leak  due  to  the  formation  of  RaE  and  RaF  after 
the  active  deposit  upon  the  wire  had  decayed. 
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Date. 
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div.niiii. 
•070 

Pressure 
luui.  Hg. 

Remarks. 

18/10/13 

_ 

\ 

19/10/13 

•064 

— 

20/10/13 

•076 

— 

21/10/13 

■080 

749 

VXatural  leak  observations. 

22/10/13 

•070 

7  Ho 

23/10/13 

•070 

764 

24/10/13 

•073 

768 

/ 

Eiuaiialiou  of  r.')7  x  1()-^  mgr.  Ka  (eijuili- 
briiim)  introduced  into  electroscope  for 
3  hours. 

(a) 

•137 

— 

1  Decay  of  active  deposit   after  three  suc- 

(*) 

•100 

— 

(O 

•081 

— 

r     ccssive  exhaustions. 

W 

•069 
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COXUEXSED    rROTOCOLS    OF    EXPERIMENTS    IN    SERIES    1 1  A. — COllt'i iliie.l . 


Air 

Date. 

Leak  div./min. 

Pressure 

mm.  Hg. 

25/10/18 

•066 

763 

2«/l()/18 

•061 

7.52 

27/10/18 

•061 

751 

28/10/18 

•058 

747 

(a) 

•101 

(J) 

•093 

— 

('•) 

•084 

— 

29/10/13 

•063 

742 

80/10/13 

•060 

750 

81/10/18 

•059 

7.58 

1/11/18 

•055 

— 

3/11/13 

■     4/11/13 

•060 

761 

5/11/13 

•058 

751 

(;/ii/i8 

•064 

747 

7/11/13 

•052 

751 

8/11/18 

•052 

750 

9/11/18 

•056 

754 

10/11/13 

•057 

753 

ia) 

•405 

V>) 

•310 

— 

{c) 

•225 

— •' 

(d) 

•147 

— 

(0 

•072 

— 

11/11/18 

•064 

749 

12/11/18 

•(i'60 

744 

18/11/18 

•056 

743 

14/11/18 

•058 

744 

'  15/11/18 

■064     ■ 

752 

16/11/18 

•061 

762 

17/11/18 

•063 

764 

('0 

•262 

W 

•069 

^' 

18/11/13 

•064 

763 

19/11/13 

•053 

771 

20/11/18 

■052 

765 

21/11/18 

•064 

756 

22/11/18 

•057 

— 

24/11/18 

•066 

764 

25/11/13 

•043 

768 

26/11/13 

•065 

769 

27/11/18 

•048 

772 

28/11/18 

•048 

772 

29/11/18 

•044 

771 

1/12/18 

••■45 

765 

Emauation  of  7x10-'  nigr.  Ra  Cequili- 
brium)  introduced  iuto  electroscope  for 
3  hours. 

Decay  of  active  deposit  after  tliree  suc- 
cessive exhaustions. 


Emanation  of  7x10-"  mgr.  Ra  (equili- 
brium) introduced  into  electroscope  for 
3  liours. 


Emanation  of  7  x  10-''  mgr.  Ra  (equili- 
brium) introduced  into  electroscope  for 
3  hours. 


Decay  of  active  deposit  after  three  suc- 
cessive exhaustion^. 


Emanation  of  7  x  10-"  mgr.  Ra  (equili- 
brium) introduced  into  electroscope  for 
B  hours. 

Decay  of  active  deposit  after  three  suc- 
cessive exhaustions. 
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Lenk, 
div./miu. 


20/3/ 13 
27/3/13 

28/3/13 

31/3/13 

1/4/13 

1/5/13 


28/11/13 

2«)/ll/13 
1/12/13 


2/12/13 
3/12/13 
4/12/13 
.-,/12/13 
0/12/13 
7/12/13 

8/12/13 

9/12/13 
1(1/12/13 
11/12/13 

12/12/13 

13/12/13 


15/12/13 

16/12/13 
17/12/13 
18/12/13 
19/12/13 
20/12/13 
22/12/13 


I  -085 

/  -046 

•(H)7 

•095 

■077 
I  -082 
/  -038 
i  -104 
(  -047 


I  -048 

I  -082 

•044 

•045 


Li'ak  at  Atnios- 
Air        plierir  Pressure 
Pressure,         due  to — 
mm.  Hg.      j^j         lostru- 


meiit.  < 


755    I 
19^1 
752 

744 

755 
763    I 
2H\ 

760    I 
17i) 


764    I 
36^  1 
771 
765 


■040      -lU.". 


■04.- 


■ui; 


CO 
(O 

id) 


■037 


•0.-.8      ^046 


•031 


Ivacstimatioii  made  (9  x  10— ^mgr.  Ra) 

I  „  ,.       (1-23  X  10-^     .,      ) 

/  „  „       (2-Gl  X  lo-r     „       ) 

,.       (l-3Sxlo-"     „      ) 

From  2/4/13  tu  1/5/13  electroscope  uii- 

11  seel. 


Insulatiiiii  broke  down  in  Aui^ust.  Re- 
paired in  Septemlier.  Five  Ra  esti- 
mations in  October  and  November 
(cf.  Fig.  1). 


Emanation  of  2'.")  x  lo-r  nigr.  Ra(equili- 
brium)  intinduce  1  into  electroscope 
for  3  hours  (A). 


•044 

764 

. 



■049 

756 





•051 

747 





•053 

755 





•087 

752 





•084 

763 



. 

1  ^079 
1  ^025 

755   ,/ 
23    J 

•055 

■024 

•046 

764 



_ 

•041 

767 





•041 

767 

_ 



(  ^040 

(  -021 

•043 

761     1 
34JI 

768 

■017 

■023 

i  ^203 
1  ^094 

768    1 
38    1 

■114 

•0.S9 

1  •I  34 
1  ^070 

768    / 
41     1 

•067 

•IKw 

I  ^069 
/  ^043 
(•061 
1  ^040 

768    1 

768    ) 
36    1 

■027 
■022 

■042 
■039 

(•048 
/  -024 

765    1 
39    1 

■025 

■023 

1  ^04  3 
/  ^023 

772    I 
43    ( 

•021 

■022 

1  ^04  3 
/  ^022 

774     / 
49    ) 

■022 

■021 

1  -048 
/  ^021 

775    1 

48    ) 

029 

■019 

I  ^041 
/  ^022 

776    ( 
63    1 

■021 

■020 

1  -043 
(  •(•20 

771i  ( 

48     1 

025 

•019 

(P.). 


(C). 


for  43  hours  (D). 


Decay  of  active  depisit  after  removal 
of  emanation. 
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CONDEXSED    I'ROTOCOLS    OF    EXPERIMENTS    IX    SERIES    UB—Confi/U/rtL 


Leak, 
div./min. 


23/12/13 

2i/12/13 

5/1/14 

6/1/14 

7/1/14 

«/l/14 

9/1/14 
12/1/14 

14/1/14 

15/1/14 

16/1/14 

17/1/14 

18/1/14 

19/1/14 

20/1/14 

21/1/14 

22/1/14 

28/1/14 
24/1/14 


f  l«) 

[  CO 


26/1/14 

27/1/14 
28/1/14 
29/1/14 


•044 
•019 
•045 
•021 
.045 
•020 
•042 
•020 
•056 
•021 
•048 
•021 
•045 
(  -021 
•055 


•058 
•024 
•058 
■025 
•075 
•026 
•068 
•027 
•063 
•026 
•066 
•030 
•072 
•031 
•067 
•032 
•089 
•034 
•046 
•020 
•051 
•020 


•263 

•033 
•107 
•030 
•056 
•021 
•048 
•019 
•045 
•019 
•042 
•020 


Ail- 
Pressure, 
mm.  Hg. 


Leak  at  Atmos- 
plieric  Pressure 
due  to— 
Instru- 
ment. 


759  ) 

50  ) 

756  I 

43  J 

754  I 

m  \ 

751     I 

23  I 
766i  I 

22  )■ 
763    I 

22.^  1 
762     / 

22  I 
774i 


768 

40 
768 

39 
767 

41 
764| 

36 
756 

42 
764 

43 
761 

41 
761 

i•^ 
764 

49i 
765| 

28 
765^ 

26 


763    I 

16 
763 

19 
764 

18 
764 

20i 
766 

20 
762| 

16 


Air. 


•026 
•025 
•02!} 
•023 
•037 
•028 
•025 


•018 
•020 
•020 
•019 
•020 
•020 
•021 


Observations  discontinued  but  electro- 
scope kept  charged. 


036 

•022 

035 

•023 

052 

•023 

043 

•025 

040 

•024 

038 

•028 

•043 

•029 

•037 

•030 

•059 

•030 

•027 

•019 

•032 

•019 

235 

•028 

079 

•028 

036 

•020 

030 

•018 

027 

•018 

022 

•019 

Emanation  of  2-5  x  10-"  mgr.  Ra  (equili- 
brium) introduced  into  electroscope 
for  43  hours  (A). 

Observations  7th  to  14th  hours  after 
triple  exhaustion  of  electroscope. 


Discarded.  On  21st  a  fine  hair  was 
found  attached  to  the  standard  for 
the  gold  leaf  and  was  removed. 


X.L.Controlelectroscope=  •074  div./min. 
„  „  =^075       „ 

„  „  =-077       „ 

Emanation  of  2'5  x  10-"  mgr.  Ea  (equili- 
brium) introduced  into  electroscope 
for  48  hours  (B). 

After  1st  exhaust  ion'\ 

2jjJ  (.Decay   of    active 

"  "  [      deposit. 

„      3rd         „  J 

X.L.Controlelectroscope  = '079  div./min. 

=  •080 
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COXOKSSEO    rROTOCOLS    OF    EXPKKl.M  KNTS    IN    SKUIKS    1115 — lOntiinu'il . 


Date. 


Lcnk, 
div./uin. 


30/1/U 
81/1/U 

1/2/H    j 

2/2/ H  ; 

8/2/U    I 

4/2/U    I 

.->/2/U 

6/2/14 

7/2/U    I 

8/2/U 

9/2/14 

10/2/14 

11/2/14 

12/2/14 

13/2/14 

14-15/2/14 

16/2/14 

17/2/14 

18/2/14 
19/2/14 
20/2/14 


Air 
Pressure, 
mm.  Hg. 


(  -038 
I  018 
1  -(140 
I  -018 
,  -088 
I  -018 
I  -(141 
/  -dhS 
t  -041 
/  -017 
I  -043 
I  -(117 
I  -043 
I  -(lis 
\  -046 
/  -CIS 
I  "042 
I  -017 

1  -040 
I  -018 
I  '040 
I  -018 
(  •)I41 
I  -017 
I  -041 
I  '017 
(  -042 
(  -017 

I  -040 
I  -018 
(■043 
(  -021 
f -044 
I  -018 
I  '((43 
I  -017 
1  -043 

/  -on 


760i 

18 
76U 

17i 
765 

18 
765J 

18 
764 

19| 
764 

20 
764 

20 
760 

17 
750 

18 

757^ 

18 
7.59 

19 
75.5i 

17i 
753J 

19| 
760 

19 

762 

19 
764 

19 
751 

18 
750^ 

17i 
754 

18 


Leiik  lit  Atmos- 

plieric  Pressure 

due  to — 

lustru- 

uient. 


Air. 


Kciiiarks 


•020 
•023 
•1121 
•023 
•024 
•027 
•026 
•029 
•025 

•023 
•023 
•025 
•024 
•02G 

•022 
•023 
•02G 
•027 

•027 


•tils  '     N.L.Coutrolelectroscope  =  '077  <liv./miifc 


•017 
•nl7 
•OlS 
•017 
•016 
•017 
•017 
•017 

•017 
•017 
•Ul6 
•017 
•016 

•018 
•020 
•018 
■016 
•010 


=  •080 

=  'OSO 
=  •078 
=  •081 
=  -0S5 

=  -0s2 

=  •082 

=  •084 
=  •072 
=  •070 
=  •073 
=  •070 

=  •091 

=  -098 

=  •0X1 
=  'OS(i 


THE  CHANGES  WHICH  OCCUR  IN  MALIGNANT 
TUMOURS  ON  EXPOSURE  TO  THE  GAMMA- 
RAYS  OF  RADIUM.* 

By  a.  CLIFFORD  MORSON. 

During  recent  years  great  progress  has  been  made  both  in 
this  country  and  on  the  Continent  in  the  treatment  of 
malignant  tumours  by  means  of  radium.  To  Wickham, 
Degrais,  and  Dominici,  of  Paris,  we  owe  our  present  know- 
ledge of  radium  therapy.  So  long  ago  as  the  year  1904, 
Wickham  and  Degrais  first  commenced  to  treat  superficial 
o-rowths  with  any  degree  of  success,  though  four  years 
previously  Danlos,  also  of  Paris,  had  tried  the  effect  of 
radium  upon  cancer.  However,  the  greatest  advance  in  the 
use  of  this  agent  for  therapeutic  purposes  was  made  by 
Dominici,  who  initiated  the  method  of  burying  the  tube  con- 
taining the  radium  in  the  growth  itself.  Further,  this  same 
observer  carried  out  an  investigation  into  the  microscopic 
changes  which  take  place  more  especially  in  sarcomata  when 
exposed  to  the  rays  of  radium. 

For  some  months  I  have  been  carrying  out  an  investiga- 
tion into  the  changes  which  take  place  in  the  cells  of 
malignant  growths  when  exposed  to  the  gamma-rays  of 
radium.  The  procedure  which  I  have  adopted  in  this 
investigation  is  as  follows  : — 

A  small  portion  of  the  growth  is  removed  before  exposure 
to  these  rays  for  the  purpose  of  comparison  between  the 
radiated  and  the  non-radiated  cancer  cell.  On  removal  of 
the  tube  of  radium,  which  in  every  case  was  embedded  in  the 
tumour  for  periods  varying  from  fifteen  to  twenty-four 
hours,  that  part  of  the  growth  in  actual  contact  with  the 
tube  of  radium  was  excised.  Further  portions  of  the 
tumour  were  removed  for  microscopical  examination  at 
intervals  of  forty-eight  hours  to  two  months. 

*  lleprinted  from  the  •' Troceediugs  of  the  Eoyal  Society  of  Medicine,"  I'.tU, 
vol.  vii.  (rathological  Section),  pp.  97-108. 
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Ill 


The  tissues  sul>initted  to  the  action  of  the  ganuiia-rays 
when  removed  hy  the  scalpel  appeared  to  be  completely 
insensitive,  and  it  was  not  found  necessary  to  make  use  of 
either  general  or  local  ana'sthesia  in  performing  the  opera- 
tion. I  have  had  personal  experience  of  the  anaesthesia 
produced  by  the  gamma- rays,  for  last  July,  as  a  result  of 
handling  radium  ilaily  over  a  period  of  two  months,  changes 


6V 


!rt**r'  % 


t^K^  %»i«k 


« 


« %  « 


s» 


fi'^* 


\-   V:.     '     ?^>^^^-^ 

Fif;.  1. 
Round  cell  sarcoma  ;  appearance  Ijcfore  exposure  to  the  gamma-rays. 

occurred  in  the  .skin  of  the  foretinger  and  thumb  of  my 
right  hand,  which  caused  a  temporary  loss  of  tactile  sensa- 
tion, but  marked  sensibility  to  heat  and  cold. 

Within  fifteen  hours  of  the  commencement  of  radiation 
the  malignant  cells  in  the  imuiediate  vicinity  of  the  tube  of 
ra<lium  IjL-gin  to  <legenerate.  The  nuclei  Itecome  irregular  in 
shape  and  in  places  are  broken  up  into  two  or  more  frag- 
ments. Twenty-four  hours  later  all  that  can  be  seen  is  a 
structureless  mass,  embedded  in  which  are  a  number  of  cells 
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Fig.  2. 

Appearance  of  growth  (Fig.  1)  twenty-four  hours  after  commencement  of  treat- 
ment with  90  mgr.  of  radium  bromide,     (Same  magnification  as  Fig.  1.) 


in  various  stages  of  degeneration  (Figs.  1,  2,  3,  and  4).  In  the 
region  of  the  growth  where  the  intensity  of  the  raj^s  is  less 
the  cells  may  also  be  seen  to  be  altered.  Their  normal 
arrangem_ent  is  lost  and  the  malignant  mass  is  broken  up 
into  isolated  groups  of  cells. 

In  some  microscopic  sections  a  definite  line  of  demarcation 
has  been  seen  between  fully  degenerated  cells  and  the  re- 
latively unaltered  malignant  cells  (Fig.  6).  It  is  possible 
that  this  observation  may  assist  in  determining  the  radius  of 
action  of  a  known  quantity  of  radium,  when  inserted  into  a 
growth  whose  microscopic  characters  have  been  previously 
investigated.  If,  three  days  following  radiation,  a  part  of 
what  remains  of  the  growth  be  removed,  further  changes  will 
be  noted.  The  connective  tissue  cells  have  commenced  to 
proliferate,    and  those  malignant    cells  which    have  escaped 


HXroslKK    TO    GAMMA    KAYS    OK    KADI  I'M.    ll.S 


immeiliate  death  show  apparent  vaenolation  witli  i^n-eatly 
enhirged  nuek'i  (Fi^.s.  7  and  8). 

In  a  considerable  number  of  cases,  within  fourteen  days 
of  the  apjdieation  of  the  radium  absence  of  cancer  cells  can 
be  demonstrates! . 

On  the  other  haml,  some  ixrowths  appear  more  resistant  to 
the  action  of  the  gamma-rays  and  if  microscopic  examination 
be  made  as  long  as  two  months  after  radiation,  malignant 
cells  will  l)e  detected,  though  changed  from  the  normal.  The 
cells  show  a  peculiar  vacuolated  appearance,  with  swollen 
nuclei.  Aroun<l  the  malignant  cells  will  be  observed  dense 
fibrous  tissue. 

It  has  been  suggested  that  the  rapid  degeneration  of  the 
cells  of  a  carcinoma  when  exposed  to  the  gamma-rays  is  due 
to  the  presence  of  the  metal  tube  containing  the  radium.  To 
clear  up  this  point  I  performed  a  test  experiment.     A  silver 


Sqiiamfius  cell  carcinoma  of  upper  lip  ;    appearance  before  exj osure   to  the 
ganiina-rays. 
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tube  1^  in.  long,  one  end  of  wliich  contained  40  mgr.  of  ra<liuni 
bromide,  was  inserted  into  a  recun-ent  mammary  growth  in 
the  skin  for    twent}'   hours.      At   the  end   of  this  time  that 


X* 


Fig.  4. 

■A})pearauee  of  g^rowth  (Fig.  3)  forty-eight  hours  after  commeucemeiit  of  treat- 
-•ment  with  !tO  mgr.  of  radium  bromide.     (Same  maguitication  as  Fig.  3.) 

■portion  of  growth  in  contact  with  the  whole  length   of  the 

'tube    was    removed.      Microscopic    examination   showed   that 

only   those    cells   which    were   in   the    neighbourhood    of    the 

.radium  were  desenerating.     The  growth  in  contact  with  that 

I  part  of  the  silver  tube  containing  no  radium  was  unaltered 

(Fig.  9).    It  will  be  seen,  therefore,  that  the  effect  of  exposing 

malignant  growths  to  the  gamma-rays  of  radium  is  two-fold  : 

(tt)  Rapid  degeneration  of  the  malignant  cells  in  the  immediate 

\vicinity  of  the  tube  of  radium  ;   (6)  apparent  vacuolation  and 

■  enlargement  of  nuclei  of  those  cells  beyond  the  degeneration 

zone. 

The  action  of   the  radium  on  the  connective  tissue  cells 
^shows  its  similarity  to  the  attempt  of  Nature  to  arrest  the 


EXPOsrilK    TO    (JA.MMA    IJAVS    (^F    RADIUM,    li:. 

growth  of  cancel'  tliroui;h  overi;rowtli  of  tilirous  tissue. 
Considerable  difficult}'  arises  when  an  attempt  is  made  to 
interpret  the  nieanini.^  of  the  clianges  which  1  have  describeil. 
Wedd  and  Kuss  have  exposed  mouse  carcinoma  outside  the 
body  to  the  beta- and  gamma-rays  from  an  intensity  of  2  mgr. 
of  radium  bromide  per  square  centimetre  for  periods  vary- 
ing from  one  to  twenty -four  hours  and  failed  to  find  any 
microscopic  changes  unless  the  irradiated  tumour  were  re- 
inoculated  ;  yet  when  the  cells  of  human  carcinoma  are 
exposed  in  the  body  to  the  gamma-rays  profound  alterations 
are  detected.  These  observations  suggest  that  the  tissue 
fluids  must  play  some  part  in  causing  so  rapid  a  degeneration 
of  the  malignant  cell.  It  is  quite  possible  that  the  change 
produced    in    the    cancer    cell    by    the    rnys    of    radium    is    a 


X 


^ 


Fk;.  :.. 
Squamous  cell  caroinnma  of  ear  ;  api>earauce  l<efure  exposure  to  the  <ramma-ray9. 

chemical  one,  ami  it  is  only  when  in  contact  with  certain 
constituents  of  the  blood  or  lymph  that  these  degenerative 
changes  can  take  effect. 

I   '1 
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Fig.  C). 

Apiie;ii-ance  of  growth  (Fig.  5)  tweuty-fnur  hours  after  commeucemeut  of  treat- 
ment with  1.50  mgr.  of  radium  bromide,  (showing  the  hne  of  demarcation  between 
the  degenerated  cells  and  the  relatively  unaltered  malignant  cell. 

A  knowledu,e  of  the  degree  of  sensibility  of  different  types 
of  malignant  cells,  an  exposure  to  the  gamma-rays,  is,  in  my 
opinion,  the  keystone  to  improvement  of  treatment  of  cancer 
with  radium.  I  have  found  that  the  cells  of  those  tumours, 
which  l>y  ordinary  methods  of  histological  diagnosis  appear 
to  be  round  cell  sarcoma,  are  very  sensitive  to  the  action  of 
radium,  On  the  contrary,  the  spindle  cells  of  a  periosteal 
sarcoma  are  more  resistant  to  the  rays. 

Turning  to  the  carcinomata,  we  tind  remarkable  differences 
in  sensibility.  In  the  squamous  cell  variety  degenerative 
changes  in  the  cells,  such  as  keratinisation,  tend  to  be 
increased  by  exposure  to  radiation.  Further  investigation  is 
needed  to  explain  why  the  sensitiveness  of  squamous  cell 
carcinoma  of  the  cervix  uteri,  as  I  have  found  it  to  be,  is 
greater  in  those  cases  which  give  rise  to  severe  haemorrhage 
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than  in  other  varii'ties.  With  iei,'ar<l  to  (u)luninar  cell 
careinoina,  both  Dominiei  and  DeL,M"ais  have  pointed  out  the 
^reat  resistance  of  this  type  of  growth  to  the  rays.  It  is 
ilirtieult  to  understand  why  this  should  he  so,  for  eolumnar 
cells  are  well  recognised  as  the  most  delicate  of  epithelial 
structures.  My  experienee  of  the  etiect  of  the  gauiiua-rays 
on  diti'erent  varieties  of  spheroidal  cell  carcinoma  is  too 
limited  for  a  definite  statement  to  be  made.  The  difficulty  of 
carrying  out  a  systematic  microscopical  investigation  of  cases 
of  carcinoma  of  the  breast  is  obvious. 

I  have  already  pointed  out  that  three  days  afti'r  radiation 
the  connective  tissue  cells  show  proliferation.  This  over- 
growth of  the  connective  tissue  elements  of  a  carcinomatous 
tumour  has  an  important  bearing  on  the  subsequent  changes 


\ ' ' 


Via.  7. 

Appearance  of  growth  (Fig.  5)  tliree  days  after  treatment  widi  I.')U  nii,'r.  of 
radium  bromide,  and  at  a  distance  of  about  1  in.  from  where  tube  of  radium  was 
inserted.  This  section  shows  tiie  proliferation  of  the  connective  tissue  cells. 
(Figs,  ."j,  t;,  and  7,  same  magnification.) 
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in  those  cancer  cells  which  may  have  escaped  immediate 
destruction  on  exposure  to  the  gamma-rays.  It  is  not 
improbable  that  in  course  of  time  malignant  cells  which  had 
survived  radiation  would  be  killed  by  the  contraction  of 
newly  formed  connective  tissue. 

Investigators  of  the  effect  of  radium  upon  pathological 
tissues  have  now  fully  recognised  that  the  action  of  this 
therapeutic  agent  is  essentially  a  selective  one. 


^%-^    >'^^ 


Fig.  8. 

Appearance  of  growth  (Fig.   7)  under   high   magnification,  showing  apparent 
vacuolation  and  enlarirement  of  nuclei  of  the  malignant  cells. 


It  has  not  yet  been  determined  whether  the  proliferation 
of  connective  tissue  cells,  which  follows  destruction  of 
malignant  cells,  is  due  to  the  rays  themselves  or  is  the  result 
of  their  action  on  the  cancer  cell. 

A  study  of  the  changes,  if  any,  which  may  take  place  in 
metastases  following  radiation  of  the  primary  growth  has",  as 
far  as  I  am  aware,  never  been  attempted  in  this  country.  A 
statement  on  this  subject  must  necessarily  be  guarded  at  the 
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present  time,  t\)r  tlio  evideiici-  in  Favour  of  any  eban<,'t'  is 
extreiut'ly  slon<lfi-.  Howi'ver,  in  the  case  of  secondarv 
ilep  sits   in   lympliatic    inlands     tlioii^Ii    the    iiiatci-ial    at    my 


Fin.  <t. 

rhot<>;iiicri><;ra|(li  of  earciiionia  of  breast  sliowin^  tlie  unalteretl  growtli  in 
contact  with  the  part  of  the  silver  tube  c<int;iiniii'_'  no  ratliiim,  and  the  flcf^enerated 
^owth  in  contact  wiili  that  which  contained  4n  in<,'r.  "f  radium  l)i(>mide.  (Low 
magnification.) 


disposal  has  heen  limite<l  to  four  cases,  I  have  observed 
slight  changes  which  encouraf^o  uie  to  make  furtlier  investi- 
irations. 
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At  a  meeting  of  the  Clinical  Section  of  the  Society  in 
December,  1913,  Mr.  T.  H.  Kellock  showed  a  patient*  in  whom 
a  tumour  of  the  tongue  disappeared  under  radium  treatment. 
Following  the  exposure  of  the  growth  to  the  rays,  the  glands 
in  the  neck  became  smaller  and  more  movable.  Two  months 
later,  as  the  glands  were  still  palpable,  it  was  decided  to 
remove  them  by  operation.  I  was  present  at  the  operation, 
and  I  can  state  with  contidence  that  I  have  never  seen 
enlarged  glands,  secondary  to  a  growth  of  tlie  tongue, 
dissected  out  with  such  little  difficulty.  Considerable 
difference  of  opinion  was  manifested  at  the  meeting  as  to 
the  nature  of  the  growth  in  these  glands.  I  think  it  is 
possible  that  the  difficulty  in  diagnosis  was  due  to  the  change 
which  had  taken  place  in  the  malignant  cells  following  the 
disappearance  of  the  primary  tumour.  Since  this  case  was 
published  I  have  had  the  opportunity  of  noting  in  two  other 
patients  a  similar  decrease  in  the  size  of  lymphatic  glands 
following  exposure  of  the  primary  growth  to  the  gamma- 
rays. 

Recently,  through  the  kindness  of  Mr.  Bonney,  I  was  able 
to  secure  a  microscopic  section  of  a  metastasis  in  a  Ijanphatic 
gland  secondary  to  squamous  cell  carcinoma  of  the  cervix 
uteri  treated  with  radium  (Figs.  10  and  11).  It  is  well 
recognised  that  the  cellularity  of  metastases  is  at  least  as 
great  as  that  of  the  primary  growth.  This  is  especially  so  in 
the  case  of  l3nnphatic  glands.  Yet  the  microscopic  picture  of 
the  metastasis  in  this  case  shows  but  a  few  islands  of 
malignant  cells,  surrounded  by  a  mass  of  newly  formed 
connective  tissue.  I  have  examined  a  number  of  sections  of 
gland  metastases  of  squamous  cell  carcinoma  of  the  cervix 
uteri  and  failed  to  find  in  them  the  least  resemblance  to  this 
specimen  in  respect  of  the  amount  of  fibrous  tissue.  Are 
such  changes,  macroscopic  and  microscopic,  as  I  have 
described  in  lymphatic  gland  metastases  due  to  the  direct 
action  of  the  gamma-rays  of  radium  ?  If  a  gland  metastasis 
is  so  near  to  the  radiated  primary  growth  as  to  be  exposed  to 
rays  of  great  intensity  in  sufficient  q^uantity,  changes  in  the 
malignant  cells  will  certainly  occur.  However,  in  the  cases 
I   have   seen,   some   of  the  metastases   have  been  at  such   a 

*  '•Proceedings  Edv.  Soc.  Med.,"  1914,  vii  (Clin.  Sect.),  p.  Vi. 
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(listauce  from  the  primary  growth  as  to  jtieclinlt'  any 
possibility  of  their  beint;-  directly  art'ected  ])y  the  lays.  it  is 
possible  that  the  absorption  of  degenerated  and  degenerating 
cancer  cells  at  the  primary  site  due  to  exposure  to  the  gamma- 
rays  loads  to  the  formation  of  some  substance  which  not  only 
retards  the  growth  of  the  malignant  coll  at  a  distance,  but 
also  t^timulates  the  connective  tissue  colls  to  proliferate. 


Fi<;.  \i<. 
Squamous  cell  carcinoma  of  cervix  uteii. 

Evidence  was  bi'onght  befo)X'  the  Pathological  Society  of 
Great  Britain  and  Irelan<l  at  the  .January  meeting,  in  a  paper 
by  B.  H.  Wedd.  A.  C.  Morson,  and  8.  Russ,*  that  the  cells  of 
mouse  carcinoma  when  irradiated  by  radium  can  confer 
iiiiiiiunity,  so  that  a  graft  of  non-radiated  tumour  when 
inoculated    does    not   grow.      Whether    the    cells    of    human 

*  See  also  this  vol.,  p  71. 
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Fig.  11. 

Appearance  of  lymphatic  gland  metastasis  one  month  after  primary  growth 
(Fig.  10)  had  been  exi  osed  to  radiation.     (Same  magnification  as  Fig.  10.) 

carcinoma  which  disappear  in  the  body  when  exposed  to 
radium  likewise  confer  any  degree  of  immunity  can  only  be 
settled  by  further  investigations. 

Much  research  work  remains  to  be  done  before  we  can 
place  radium  therapy,  in  relation  to  the  treatment  of  cancer, 
on  a  sound  scientific  basis.  At  the  present  time,  all  that  we 
can  claim  is  that  certain  microscopic  and  macroscopic  observa- 
tions have  been  made  which  compel  us  to  continue  this 
line  of  research. 


SOME  EXPERIMENTS  ON  THE  ACTION  OF 
THE  BETA  AND  GAMMA  RAYS  UPON 
ANIMAL  TISSUES. 

By    H.   P.ECKTON. 

The  ehannes  which  take  pLace  in  the  tissues  of  malignant 
new  growths  when  exposed  in  the  living  body  to  the  action 
of  quantities  of  radiinii  bromide  of  the  order  of  100  milli- 
grams have  been  described  by  Morson.'  The  <[nestion  arises, 
'"Are  these  changes  due  to  the  direct  action  of  the  radium 
upon  the  tissue  cells,  or  are  they  secondary  changes  and  due 
to  the  action  of  the  body  Huids  and  the  cells  carried  by  tliese 
upi  n  the  irradiated  tissues  i  " 

In  the  present  investigation  an  attempt  has  been  made  to 
determine  whether  radium  radiations  directly  produce  histo- 
logically recognisable  changes  which  may  be  regarded  as 
initial  steps  in  the  degradation  of  the  cell. 

1.  As  regards  excised  tissues,  Russ  and  I-^  found  that 
alpha  radiations  give  rise  to  striking  changes  both  in  nuclei 
and  Altmann's  granules,  the  nuclei  showing  diffusion  of 
chromatin  and  the  granules  a  very  marked  tendency  to,  or 
even  complete,  disappearance.  In  the  case  of  beta  and 
gamma  radiations,  however  my  own  work  confirms  and 
extends  the  observations  of  those  who  have  failed  to  tiiid  any 
histological  changes  in  excised  tissues  exposed  to  these  rays. 
Since  the  results  of  nearly  a  hundred  experiments  have  been 
neofative,  it  is  unnecessarv  to  describe  them  in  full  detail. 
Briefly,  the  quantities  of  radium  employed,  estimated  as 
bromide,  varied  from  2-")  to  100  milligrams.  It  was  used 
either  as  a  solid  contained  in  platinum  or  silver  tubes,  or  as 
emanation  enclosetl  in  thin  glass  tuljes  .surrounded  or  not  by 
silver  tubes.  The  tissues  investigated  were  spleen,  liver,  and 
kidney  of  rat  ;  small  portions  of  these  were  irradiated  at 
distances   varving  from    contact   (the    tissues    in    some  cases 
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actually  touchino-  the  tubes,  in  others  being  separated  from 
them  only  by  thin  films  of  mica)  to  80  cm.  Appropriate 
controls  were  used  in  each  experiment.  The  duration  of 
exposure  to  the  action  of  radium  varied  («)from  1  to  8  hours, 
and  (h)  from  1  to  8  days.  The  radiated  and  control  tissues 
were  alike  fixed  and  stained  in  the  manner  described  else- 
where^ for  Altmann's  granules  as  well  as  for  nuclear  detail, 
and  in  neither  respect  did  the  radiated  tissues  show  any 
marked  or  constant  differences  from  the  corresponding 
controls.  These  experiments  were  extended  by  allowing 
portions  of  both  irradiated  and  control  tissues,  after  removal 
of  the  former  from  the  influence  of  radium,  to  undergo 
autolysis  at  room-temperature  (at  which  all  the  experiments 
were  carried  out)  for  further  periods  of  from  1  to  3  days. 
Even  under  these  conditions  no  definite  differences  were 
observed,  so  that  the  invisible  changes  produced  by  radium 
during  exposure  do  not  become  manifest  in  excised  tissues 
at  a  later  date. 

This  absence  of  difference  between  irradiated  and  control 
tissues  also  indicates  that  autolytic  ferments  present  in  the 
various  tissues  investigated  are  unaltered  by  the  direct 
action  of  radium. 

II.  Small  living  tadpoles  were  exposed,  in  drops  of  vvater 
placed  between  thin  films  of  mica,  to  beta  and  gamma  radia- 
tions from  2-i  mgr.  of  radium  bromide  disposed  over  a  circle 
•8  cm.  in  diameter.  The  drop  of  water  had  in  each  case  a 
diameter  just  less  than  this.  The  radium  capsule,  tadpole,  »^c., 
were  kept  in  a  saturated  atmosphere,  so  that  the  drop  of 
water  in  which  the  tadpole  was  placed  retained  its  original 
size.  A  control  experiment  was  performed  in  each  case.  In 
every  instance  the  experimental  tadpole  was  killed  sooner  or 
later  by  the  radiations,  while  the  corresponding  control  was 
still  alive  and  well,  as  shown  by  its  vigorous  movements. 
Two  experiments  showed  that  under  the  conditions  specified 
the  animals  were  able  to  support  irradiation  for  a  little  over 
seven  hours. 

Upon  removal  from  the  water  the  tadpoles,  experimental 
(dead)  and  control  (living),  were  placed  in  formol-Miiller, 
(formalin  2  vols.,  Miiller's  fluid  98  vols.)  and  ultimately 
stained  for   Altmann's  granules  and   also   with   hasmatoxylin 
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and  eosin.  In  the  case  of  two  tadpoles  wliidi  were  placed  in 
the  tixin<,f  tluid  ininiediately  after  death  no  ditlerences  were 
found  in  respect  of  cither  Altmann's  (granules  or  niulei 
between  these  and  the  corresponding  controls  ;  in  the  other 
cases  the  granules  had  disappeared  from  the  irradiated  tad- 
poles, presumably  owing  to  post-mortem  changes. 

It  is  thus  apparent  that  radium  (beta  and  gamma  radiations 
together)  acting  upon  the  whole  organism  can  produce 
changes  resulting  in  death  without  atiecting  the  Altmann's 
granules  of  the  cells  as  shown  by  the  above  method. 

In  this  connection  it  is  of  interest  to  mention  the  results 
of  some  observations  regarding  the  action  of  radium  upon 
certain  Infusoria.  Drops  of  water  containing  Vorticelhe  and 
several  other  types  of  unicellular  organisms  were  exposed  to 
the  action  of  capsules  containing  respectively  'i  and  7  mgr.  of 
radium  bromide.  Here  again  it  was  found  that  the  organisms 
stained  immediately  after  being  killeil  by  radium  showed 
Altmann's  granules  in  the  same  way  as  the  corresponding- 
controls. 

Conclusions. 

From  the  foregoing  it  appears  that,  while  alpha  radiations 
on  the  one  hand  may  directly  give  rise  to  histologically 
recognisable  (dianges  by  their  action  on  animal  cells,  beta  and 
gamma  radiations  on  the  other  hand  fail  to  do  so.  Hence 
the  marked  tissue  changes  observed  by  Morson  in  the  treat- 
ment of  malignant  disease  by  beta  and  gamma  radiations 
must  be  dependent  upon  the  intervention  of  the  fluids  of  the 
living  body.  In  other  words,  the  irradiated  cells,  although 
showing  no  recognisable  histological  changes,  are  altered  in 
such  a  way  that  they  now  act  as  irritant  foreign  bodies. 

Rkfeuences. 

1  Morsdii,   "  Prooeei lings   nf    the    Koyal    Society  of    Medicine,"    I'JH,    vol.  vii, 
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'^  Beckton  and  Uuss,  "Archives  of  the  Middlesex  Hospital,"  10th  Cancer  Keport, 
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^  Beckton,  "Archives  of  the  Middlesex  Hospital,"  9th  Cancer  Keiiort,  I9lu, 
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A   SERIES   OF   CASES   OF   CARCINOMA    EX- 
AMINED BY  THE  WASSERMANN  METHOD. 

By  H.   mac  CORMAC  and  A.  CLIFFORD  MORSOX. 

Object. — The  examination  was  undertaken  to  determine 
whether  syphilis  predisposes  to  carcinoma  and,  if  so,  whether 
in  general  or  only  in  certain  regions. 

Methods. — The  Wassermann  reaction  in  the  orio-inal 
technique  was  invariably  employed.  The  method  described 
below  was  followed  in  a  great  majorit}^  of  cases. 

One  modification  was  of  necessity  made — the  test  was 
carried  out  in  one-tenth  volumes,  as  we  found  it  impossible 
to  obtain  5  cc.  or  10  cc.  of  blood  from  patients  who  suffer 
from  cancer  ;  this  tended  to  cause  some  disturbance,  and  the 
patients  themselves  object  to  the  abstraction  of  more  than  a 
small  quantity  of  blood. 

This  modification  while  undesirable  was,  under  these 
particular  circumstances,  unavoidable. 

In  view  of  the  somewhat  unexpected  findings  in  tongue 
cases  it  is  appropriate  to  ask  how  accurate  the  test  is.  Here 
it  may  be  stated  that  the  sera  from  cancer  cases  were  always 
tested  along  with  the  blood  in  a  series  of  known  syphilitic 
and  non-syphilitic  patients,  and  that  the  test  in  those  patients 
whose  clinical  condition  was  known  proved  to  be  perfectly 
accurate.  The  importance  of  employing  a  sensitive  antigen 
cannot  be  over  emphasised,  and  we  have  found  that  described 
by  M.  A.  Desmouliere  (Comptes  rendus  des  seances  de 
r Academic  des  sciences,  t.  155,  p.  927)  to  fulfil  this  require- 
ment to  a  high  degree.  We  give  below  his  method  of 
preparation  of  the  antigen,  and  the  technique  for  the 
Wassermann  test  as  described  in  the  paper  quoted  above. 

Preparation  of  Antigen, 
The  liver,  preferably  of  a   syphilitic  fcetus,  or  from  a  pig 
if  this  cannot  be  obtained,  is  dried  in  vacuo  and  powdered. 
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This  is  oxtractt-'tl  with  ethor  in  a  lont;  glass  funnel  until 
nothing  nioie  comes  out  from  the  powder.  It  is  then  dried, 
first  in  the  air  and  subsequently  at  .*i7°C. 

One  gram  of  this  powder  is  treated  for  7'2  hours  at  87°  C. 
with  20  cc.  of  alsolute  alcohol  in  a  well-closed  Hask,  shaking 
from  time  to  time.  This  is  then  filtered,  and  10  cc.  of  the 
filtrate  is  added  to  O'l  gram  of  jmrc  Cholesterin. 

For  use  this  concentrated  antigen  is  diluted  1  in  I'l  with 
physiological  saline.     In  the  reaction  Oo  cc.  is  einplo3'ed. 

Before  the  actual  test  is  carried  out  it  is  necessary  to 
determine  the  power  of  the  complement  to  be  used.  This 
is  an  essential  ami  should  never  be  neglected.  It  is  carried 
out  as  follows  : — To  each  of  three  glass  tubes  are  added  '2  cc. 
of  physiological  saline  and  Oo  cc.  of  the  diluted  antigen. 
Then  0"!  cc,  0"1")  cc.  and  0  2  cc.  of  ")0  per  cent,  guinea-pig  serum 
is  put  into  the  respective  tubes  ;  these  are  incubated  for  one 
hour  at  37'  C.  Finally  0"1  cc.  of  titrated  amboceptor  (anti- 
sheep),  and  0*1  cc.of  a  50  percent,  dilutionof  sheepcells(washed 
and  detibrinated  in  the  usual  way)  are  put  into  each  tube  and 
the  mixture  incubated  for  half  an  hour.  The  dose  of  comple- 
ment selected  is  the  smallest  which  causes  complete  hivmolysis 
in  this  time.  In  the  subsequent  Wassermann  test  two  tubes 
are  employed  for  each  serum.  Into  one  2  cc.  of  physiological 
saline,  0*2  cc.  of  decomplemented  serum,  0"8  cc.  of  antigen  and 
the  alreadj'  determined  dose  of  complement  are  added.  The 
second  tube  contains  similar  reagents  but  no  antigen.  After 
one  hour  in  tiie  incubator,  O'l  cc.  of  titrated  amboceptor  and 
01  cc.  of  sheep-cell  emulsion  are  mixed  into  each  tube,  and  a 
reading  made  after  a  further  period  of  half  an  hour  at  o7°  C. 
A  positive  result  has  only  been  accepted  in  cases  where 
complete  inhibition  of  hieiaolyses  occurred. 

The  only  obvious  criticism  that  can  be  directed  against 
this  method  is  that  it  is  too  sensitive.  In  other  words,  our 
series  of  cases  give,  if  anything,  too  great  a  number  of 
positive  results. 

In  the  results  set  forth  below  each  table  shows  (1)  the 
total  number  of  cases  tested,  (2)  the  relative  proportion  oi' 
males  to  females,  (3)  how  many  cases  gave  positive  results 
from  a  blood  test,  (4j  in  how  many  a  history  of  syphilis  was 
i>btained    clinically,    and   finally    ("))    the    total    number    of 
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syphilitic  cases  as  obtained  by  botli  methods.  It  must  be 
accepted  that  a  not  inconsideraV)le  number  were  latent — that 
is  to  say,  although  a  historj'  of  syphilis  might  be  obtained, 
the  blood  result  was  negative.  Again  in  a  certain  proportion, 
although  tile  lili)od  was  positive,  no  previous  history  of 
infection  cuuld  Ije  obtained  from  the  patient. 

Table  I. — Carcinoma  of  Cervix. 


N'u.  of  Cases.            M. 

F.                    +(lin.                          +\V.                   Tot.IN-o.of+ve 
'                                  ~                  1               Cases. 

IH             '        — 

13                       II                              2                                  2 

In  the  abov^e  series  15'4  per  cent,  showed  evidence  of 
syphilis.  This  is  a  high  proportion,  and  possibly  with  a 
larger  number  of  cases  a  different  result  might  be  obtained. 

Taim.k  XL  — Carcino.ma  of  Breast. 


- .       ,  _,  ,r  T^  _Lr'i;.,  _L  TTT  Total  No.  of  +  ve 

No.  of  Cases.  M.  I.  +Clin.  +  \\  Cx?  ■* 


21  '       _       !       21 


This  latter  compares  unexpectedly  with  the  above.  It 
suggests  that  the  spirochtete  has  little  predisposing  inHuence 
for  carcinoma  in  this  region. 

Mouth  Region. 

It  has  long  been  held  by  clinicians  that  cancer  of  the 
mouth,  tongue,  etc..  is  frequently  associated  with,  and  results 
from,  previous  syphilitic  disease  of  this  region.  Our  results 
are  given  below. 

Out  of  a  total  of  46  cases  of  carcinoma  in  this  region, 
positive  evidence  of  syphilis  is  obtained  in  10  cases,  a  per- 
centao-e  of  21-7.  In  the  case  of  the  tongue  alone  the  percentage 
is  hio-her  still,  being  2(3"1,  more  than  a  quarter  of  the  cases. 
This  finding  is  smaller  than  that  given  by  some  other 
observers.     But,  as  we  have  already  pointed  out,  our  method 
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i.s  a  particularly  .sensitive  one,  and  error,  if  such  sliould  occur, 
would  rather  be  in  the  direction  of  increasing  the  percentage. 
It  is  nevertheless  probable  that  the  figure  is  too  low,  for 
clinical  evidence  of  previous  syphilitic  infection  in  malignant 
disease  of  the  tongue  is  frequent ;  apart  from  latent  cases, 
accounting  for  a  certain  number,  it  would  appear  that  the 
negative  Wassermann  results  in  tongue  and  mouth  carcinoma 
are  met  with  more  frequently  than  might  be  expected.  We 
have  no  explanation  of  this  fact,  and  state  it  as  an  impressi(jn 
that  has  lieen  sucrorested  to  us  in  our  work. 


Tahle  IV. — Alimentary  C'anai. 


!:.-.'i..i,.                    Ti.tiil  No. 

M.                  F.            +eiiii-          +\V. 

Tiital  .Vo^  of  +  ve 
Cau's. 

(Esopliajnis           ...            4 

4        '        —        i          1                  II 

1 

I'aiifieas   ...         ...            1 

—        1         1                  II                  II 

II 

St<>ina<-li    ...          ...            '.) 

7                2                 II                 2 

2 

Kectuin     ...         ...          17 

IH               4                 1                 I 

1 

Larj^e  Intestine    ...           2 

1                 1                  0                  II 

II 

Gall  Bla.l.ler        ...            1 

—                    1                      0                     II                             II 

"  Ahiioinfii"             .              1 

1                II               II                     II 

In  a  total  numlier  of   '.i't  cases,  there  are  found  4  in  whom 
evidence  oi  syphilis  was  ul)tainable,  a  percentage  of  I  L'4. 

K 
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Table  V. — Miscellaneous. 


Rru'ioil. 

Total  Xu. 

M. 

F. 

+  (;iiii. 

+  \v. 

Total  Xo.  of  +  ve 
Ca>c-s. 

Etlimo-tl 

1 

1 

0 

1 

0 
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Kidney 

1 
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1 

(1 
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1) 
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1 

II 

1        
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(1 
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0 

II 

Sup.  Maxilla 
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II 

() 
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(1 
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11 

11 
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2 

Rodent  Ulcer 
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3 

n 

(1 

0 

0 

Sarcoma 

1 



1 

1 

1 

I 

Out  of  22  miscellaneous  cases,  positive  results  Avere 
obtained  in  o,  that  is,  22-7  per  cent.  In  the  above  table  the 
large  proportion  of  syphilis  with  squamous  carcinoma  is  again 
noticeable  (the  larynx). 

CoNC'Lusroxs. 

We  have  examined  a  total  number  of  loT  cases  of  carci- 
noma of  various  regions,  and  we  find  evidence  of  previous 
syphilitic  infection  in  twenty-one  instances,  a  percentage  of 
lo'o.  This  is  certainly  high,  considerably  highe]-  than  would 
be  obtained  from  an  equal  number  of  individuals  taken  at 
random.  No  reliable  information  as  to  the  incidence  of 
syphilis  among  a  population  is  to  be  had  ;  statistics  recently 
brought  forward,  based  on  results  obtained  from  lilood  taken 
post  mortem  or  during  chloroform  anaesthesia,  are  quite 
worthless,  and  do  not  demand  serious  attention. 

Particularly  noticeable  is  the  frequent  association  of  the 
two  diseases  in  squamous  carcinoma  in  all  regions,  probably 
20'8  per  cent.  It  is,  therefore,  probable  that  with  more 
thorough  treatment  of  the  earlier  stages  of  venereal  disease 
carcinoma  will  be  to  some  considerable  extent  diminished. 


EXPERIMENTS  UPON  THE  INFLUENCE  OF 
PLATINUM  SCREENS  WITH  A  VIEW  TO 
DETERMINING  THEIR  VALUE  IN  THE 
RADIUM  TREATMENT  OF  MALIGNANT 
DISEASE. 

liv   W.  S.  LAZARUS-BARLOW. 

In  another  paper  (p.  o4  )  I  have  brought  forward  reasons  for 
believing  that  the  distributions  of  quantity  and  time  in 
calculating  a  "radium  dose"  must  be  diH'erent  in  order  to 
bring  about  an  optimum  result  when  treating  («)  a  columnar 
cell  carcinoma,  (b)  a  moist  squamous  cell  carcinoma,  (e)  a  drjj 
squiimous  cell  carcinoma.  Not  less  important  in  respect  of 
treatment  is  the  ([Uestion  of  "  scieening."  This  question  has 
been  examined  experimentally,  and  the  results  are  given 
l>el()\v. 

The  object  of  introducing  screens  is  to  eliminate  all  but 
the  hardest  types  of  gamma  rays,  and  the  denser  and  thicker 
the  screens  the  better  this  object  is  attained.  In  practice, 
silver,  lead,  and  platinum  screens  are  used,  but  in  the  present 
research,  platinum  screens  were  employed,  if  we  omit  mention 
of  the  solid  parattin  screens  which  were  introduced  for 
another  purpose. 

The  experiments  were  carried  out  with  a  tube  of  platinum 
(•5  mm.)  containing  02  mgr.  RaBrj2H20.  This  tube  was 
18  mm.  long  and  .'J-o  mm.  in  diameter.  It  was  fitted  with 
three  detachable  platinum  screens,  respectively  •'),  10  and 
1".5  mm.  in  thickness,  so  that  it  was  possible  to  determine  the 
etiects  of  radium  screened  through  ••5,  10,  To,  and  2  0  mm.  of 
platinum.  The  screens  were  in  the  form  of  platinum  tubes 
with  screw  caps  into  which  the  radium  tube  could  be  inserted. 

Use  was  again  ma<le  of  the  lower  end  of  the  rectum  an<l 
the  adjacent  cutaneous  surface  of  the  tail  in  the  rat,  half  of 
the  length  of  the  railium    tulie  (without  or  witli  screen)  lying 
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proximal  to  the  sphincter  ani,  i.e.,  within  the  y-ut.  and  half 
lying  distall}",  i.e.,  in  contact  with  the  skin  of  the  root  of 
the  tail. 

Owing  to  the  superposition  of  screens  of  varying  thickness 
it  was  clear  that  unless  special  precautions  were  taken  («)  the 
radium  would  be  acting  at  different  distances  from  the  tissues, 
and  (Ji)  that  the  tissues  would  be  distended  to  different 
degrees  in  the  various  portions  of  the  experiment.  Hence  it 
was  determined  to  coat  the  radium  tulje  (with  or  without  its 
screen)  with  that  amount  of  paraflin  wax  which  should  bring 
the  whole  to  a  constant  diameter  of  8  mm.  The  only  excep- 
tions to  this  rule  were  in  two  experiments  where  a  contrast 
was  desired  between  the  unscreened  and  the  heavily-screened 
tube,  as  used  in  clinical  work.  The  following  series  of 
conditions  was  tlierefore  examined  : — 

A  92  mgr.  RaBr.,  actino;  through     -.t  mm  Pt.  without  Paraffin. 
B         „  „ 

C 

E         „ 
F         . 

In  order  that  the  ionisation  value  ("  radium  dose")  should 
be  constant  throughout  the  experiments,  electroscopic  mea- 
surements were  made,  and  it  was  found  that  an  exposure  to 
B  fur  1.")  minutes  was  equal  to  exposures  of  C  for  16  minutes, 
D  for  17  min.  10  sec,  E  and  F  for  18  min.  12  sec.  The 
exposure  to  A  was  for  13t  minutes,  and  the  values  utilised 
were  those  obtained  in  the  previous  research  (cf.  Table  I., 
P-  ^8). 

Three  rats  were  therefore  exposed  to  irradiation  under 
each  of  the  conditions  given  above,  and  one  animal  of  each 
series  was  killed  on  the  third,  sixth,  and  ninth  days  after 
irradiation.  The  histological  procedure  was  identical  with 
that  described  elsewhere  (cf.  p.  36),  except  that  Pappenheim's 
stain  was  used  throughout.  For  the  "  counts "  of  mitoses 
ten  sections,  o/a  thick,  were  used  of  each  specimen,  and  every 
third  section  of  the  ribbon  was  taken  so  as  to  avoid  counting 
the  same  mitosis  twice.  For  the  numbers  of  plasma  cells 
three  sections  were  taken. 
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In  each  lo^ion  a  length  of  '>  nun.  was  examined  except  the 
moist  squamous  reoion,  where  a  lent^th  of  '25  mm.  was  taken. 

The  condition  of  the  tissues  was  considered  in  three 
re«i;ions  viz..  dry  cutaneous,  moist  scjuamous,  columnar,  all 
of  which  were  in  contact  with  the  radium  tube;  and  one 
region,  viz.,  columnar,  which  lay  at  a  short  distance  from  the 
radium  tube.  Observations  were  made  upon  the  reproduc- 
tive activity  of  the  epithelial  cells,  as  indicated  by  the  number 
of  mitoses,  antl  upon  the  degenerative  and  inHammatory  con- 
dition of  the  epithelial  cells  and  subjacent  tissues,  as  indicated 
by  the  nuclei  and  c\'topIasm  of  epithelial  cells,  muscle,  pre- 
sence of  mucus  and  des(|uamation,  numbers  of  plasma  cells, 
etc.  Thus  data  were  obtained  which  may  be  divided  into 
three  groups — A,generalc()nditions;  B,  plasma  cells;  C,  mitoses. 


A.    General  Conditions. 

It  is  not  proposed  to  give  detailed  descriptions  of  the 
histological  specimens.  The  following  will,  however,  indicate 
the  method  after  which  tlie  examination  was  carried  out. 

Rat  exposed  to  radium  acting  through  •')  iiiin.  platinum 
-\-  2  mill,  paraffin. 

Jliijh  Cclv.mnii.y  Epliht'llu  III  Reijlnn. — Slight  amount  of 
mucus  on  surface,  no  desquamation  of  cells,  much  mucus  in 
the  glandular  tubes,  much  mucoid  degeneration  of  cytoplasm, 
nuclei  of  columnar  cells  swollen  clear  and  pale,  outlines  of  the 
cells  lost.  Muscularis  mucosit^  good,  circular  muscle  greatly 
cedematous,  broken,  and  mnsele  bundles  small,  longitudinal 
muscle  good. 

Low  CoJv,mn(ir  Bplf/irl iihra  Reijion.  —  Mucus  present  on 
surface,  no  desi^uamation,  the  glandular  tubes  are  simply  bags 
of  mucus,  cells  art-  very  degenerated,  nuclei  are  obscure  and 
degenerated.  The  muscularis  mucosae  is  thin  and  the  nuclei 
stain  poorly,  circular  muscle  granular  and  cedematous,  the 
nuclei  being  Idue-edged,  irregular,  small,  colourless  rings, 
longitudinal  muscle  fibres  are  thin  and  the  nuclei  are  pale, 
but  the  condition  is  better  than  in  the  other  muscular  regions. 

Mnlst  SfjiKi iiiovs  Ejritheliuin  Region. — Outlines  of  cells 
nearly  lost,  the  nuclei  being  contracted  and   deeply  staining 

I. 
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or  mere  colourless  bags  ;  siiperticially  there  is  loosening-  and 
(les(|uaination  in  plaques.  Circular  muscle  as  in  low  columnar 
region  but  less  (edematous. 

Dry  Sqi'amov.s  EpifJteliuni  Reijlon. — Superficial  layers 
desquamated,  nuclei  of  epithelial  cells  contracted  or  colourless, 
outlines  of  cells  lost.  Cells  of  hair  follicles  in  a  similar 
condition  to  the  epidermis.  Condition  of  sphincter  ani  muscle 
and  of  the  local  sebaceous  gland  good.  Voluntary  muscle 
granular  and  striation  is  lost,  but  the  staining  and  shape  of 
the  nuclei  are  good  ;  more  distally  striation  becomes  visible, 
but  the  bands  are  broadened. 

When  all  the  specimens  had  been  described  after  the  above 
fashion  it  was  felt  that  the  best  way  to  present  a  picture  of 
the  results  obtained  was  to  "  mark"  them  in  the  same  way  as 
is  done  with  examination  papers.  Thus  in  the  high  and  low 
columnar  regions  nuclei,  cytoplasm,  superficial  mucus,  mucus 
in  tubes,  desquamation,  muscularis  mucosiie, circular  muscle,  and 
longitudinal  muscle  were  treated  as  "  questions,"  and  10  marks 
were  given  as  a  maximum  for  excellence  in  respect  of  each. 
The  moist  and  dry  squamous  regions  were  dealt  with  on 
similar  lines.  As  a  result  certain  totals  were  obtained  which 
give  in  a  simple,  though  admittedly  rough,  way  some  indica- 
tion as  to  the  degree  of  departure  from  the  normal  of  the 
specimen  under  consideration.  These  totals  are  given  in 
Table  I.  below. 

That  the  values  given  in  Table  I,  are  roughly  indicative 
of  the  condition  of  the  tissues  under  consideration  is  rendered 
probable  a  priori  by  the  great  frequency  with  which  the 
values  for  the  animal  of  the  ninth  day  after  irradiation  are 
higher  than  those  for  the  animal  of  the  third  day.  This 
statement  is  true  in  20  out  of  the  24  sets  of  three  values  given. 
With  the  mild  irradiation  given  it  might  be  anticipated  that 
by  the  ninth  day  after  exposure  to  the  rays  any  eft'ect  that 
might  have  been  produced  would  be  passing  ofif". 

Confining  attention  to  the  mean  values  it  can  be  seen  that 
the  general  condition  of  the  epithelium  and  sub-epithelial 
tissues  departs  from  the  normal  to  a  greater  extent  with 
slight  platinum  screening  of  the  radium  than  with  heavy 
screening.  Naturally  a  perfect  gradation  according  to  thick- 
ness of  screen  cannot  be  expected  under  the  conditions  of  the 


KADiLM    'I'UKATMHNT    Or    DiSKASK.  18:, 

Taklk  I. 

Table  showiny  the  rh'tjree  of  dejHcrture  from  novinaAiiij  of 
the  ejiltheHiini  and  f<ith-e2>ifludial  tissues  in  ivntdin.ted 
rats,  excludinif  mitoses  and  j;?rt,s»i.a  cells,  yormallty 
=  100. 


Si'r>i-u  tor  Iiik. 


,,  Ki'L'ion  of  Radiuiii  Tul)r. 

ittti'i  lliirli  Coluiiiii:!!' 

Irni-  Kegiun.  Low  Coluiniiar  Moist  Squanioiis    Dry  8i|IIiiiiiuub 

liation.  Retrion.  Hegioii.  Itejrioii. 


•")  mm.  I't. 

:5 

"1 

M     (i7 

SI  ) 

.-)4 
7'.i 

1 

.-,8  1 
(18  U.-. 

(is  ) 

i!- 

B 

•.")  mm.  I't.  ■+■  2  mm. 

I'arartiii. 

.;4  ) 
7;(    70 
c:;  1 

.-,1) ) 

..-..-. 

■p,' 

(• 
1  mm.  I't.  +  I*.")  mm.       :i 
I'arattin.                 tl 
<» 

8!.j 

s^ 
81  ) 

74 

(14  ) 
'.'2j 

S7) 
.-.7) 

D 

1-r.mm.  Pt.+            8  7o  ,                   .".4,  (;2  )  42 

l-Omm.  Paraftiti.          r,  7t;     74              '.i!i   -78  !)2  [•  7'.i  78^72 

It  71  I                    8(1  )  84;  '.».-)_ 

E 

2-(tmm.  I't.  +            H  ('.'.I  j                   ((8  1  Mj  ds  ^ 

•.'.  mm  I'avartiii.           ()  71-75              '.»0  Ls6  78     s.")  .').".[•  (i 'J 

'.I  84  I                  100  )  80  I  8.-.  S 


V 

2"i>  mm. 

I't, 

H 

8.'. 

I 

70  , 
79  Uo 

'"'•  ] 

) 

ss  1 

G 

79 

'■86 

r.s 

-73 

7'>     7'.i 

!l 

94 

1 

Itl  i 

'.)(i  * 

) 

7.1  1 

experiment,  but  C(jnti-a.st  i»f  the  means  for  the  A  and  F  serie.s 
and  contra.st  of  the  means  for  the  B  and  E  series  (in  both  of 
whicdi  pairs  the  conditions  <liti"ered  as  little  as  possible  except 
for  the  thickness  of  platinum  screen  involv'ed)  shows  without 
exception  that  the  general  condition  of  tlie  epithelium  and 
sub-epithelial  tissues  is  worse  with  the  thinner  screen.  This 
is  true  whether  one  consider  the  columnar  epithelium  region 
at  a  distance  from  the  radium  tulie  or  the  columnar,  moist 
squamous  or  dry  sfjuamous  region  in  direct  contact  with  the 
radium  tube. 
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B.-  Plasma  Cells. 

In  respect  of  plasma  cells  the  high  and  low  columnar 
regions  alone  can  be  considered,  since  in  the  regions  invested 
with  squamous  epithelium  these  cells  are  found  neither 
under  normal  conditions  nor  in  the  altered  conditions  induced 
by  such  a  degree  of  irradiation  as  was  carried  oiit  in  these 
experiments.  The  mean  numbers  per  millimetre  found  in  the 
various  animals  use<l  for  the  experiments  are  indicated  in 
Table  II.,  whence  it  appears  that  there  is  a  general  tendency 
for  the  number  of  plasma  cells  to  be  greater  on  the  ninth  day 
after  irradiation  than  on  either  the  third  or  the  sixth  day. 
Again  comparing  the  mean  values  for  series  A  and  F  and 
those  for  series  B  and  E,  it  is  seen  that  the  number  of  plasma 
cells  is  greater  in  the  instance  where  the  thinner  platinum 
screen  has  been  employed  whether  one  consider  the  tissues  in 
direct  contact  with  the  radium  tube  or  those  at  a  little 
distance.  This  difference  manifested  by  the  mean  values  is 
well  borne  out  by  examination  of  the  individual  pairs  of 
observations  to  be  contrasted ;  in  t)  out  of  1:2  pairs  the 
number  of  plasma  cells  per  millimetre  of  section  is  greater  in 
that  specimen  where  the  radium  was  least  heavily  screened 
with  platinum. 

C— Mitotic  Figures. 

The  numljer  of  mitotic  figures  found  per  millimetre  of 
section  are  set  forth  in  Table  II.  From  this  tablt?  it  appears 
that  the  mean  numbers  of  mitotic  figures,  where  the  radium 
has  been  screened  to  the  least  degree  (Series  A),  is  higher  than 
in  any  other  series.  This  is  absolutely  true  only  if  one  con- 
sider the  high  columnar,  low  columnar,  and  the  moist  squamous 
cells,  since  the  dry  squamous  cells  do  not  coniform.  So,  too, 
when  considering  Series  A  and  F  and  Series  B  and  E  as  here- 
tofore, although  it  is  generally  true  in  the  case  of  individual 
pairs  of  observations  that  with  a  thinner  platinum  screen  the 
number  of  mitoses  present  is  greater  (1(3  out  of  the  24  pairs), 
this  is  not  well  Ijorne  out  by  the  means.  Examination  of  the 
means  shows  that  the  values  in  Series  A  are  uniformly  greater 
than  the  means  for  Series  F,  whereas  three  out  of  the  four 
pairs  of  means  in  Series  B  and  E  go  in  the  opposite  direction. 
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Examination  of  the  values  of  mitoses  in  Table  II.  indicates 
a  tendency  for  the  minimiini  number  of  mitoses  to  be  foun<I 
on  a  later  day  when  the  platinum  screen  is  thick  than  when 
it  is  thin.  Thus,  with  two  exceptions,  the  minimum  number 
of  mitoses  in  Series  A  and  B  was  found  in  the  third  or  sixth 
day  specimen,  whereas  in  series  E  and  F  the  minimum  number 
of  mitoses  (with  one  exception)  was  found  in  the  sixth  or 
ninth  day  specimen. 

Summary. 

We  are  now  in  a  position  to  sum  up  the  various  data  and 
attempt  to  arrive  at  a  conclusion  as  to  the  effect  of  screening 
radium  when  it  is  used  for  clinical  purposes. 

In  treating  a  neoplasm  with  radium  the  ideal  is  clearly 
to  damage  the  reproductive  activity  of  the  neoplastic  cells  to 
as  great  an  extent  as  possible  while  the  minimum  damage  is 
done  to  the  non-malignant  tissues.  Figures  have  been  given 
in  Table  L,  by  means  of  which  a  rough  estimate  can  be  made 
of  the  general  damage  to  the  tissues.  Taking  the  number  of 
plasma  cells  as  a  rough  indication  of  the  degree  of  inflamma- 
tion of  the  tissues,  one  is  able  to  say  that  undesirable 
damage  varies  directly  as  the  number  of  plasma  cells. 
Similarly  the  number  of  mitotic  cells  is  an  indication  of 
desirahle  damage  which  varies  inversely  as  the  number  of 
mitotic  figures  present.  If  then  the  normal  number  of  plasma 
cells  or  mitotic  figures  be  taken  as  100,  a  simple  calculation 
will  give  an  idea  as  to  the  extent  to  which  the  desired  object 
has  been  attained.  Thus  taking  the  observed  values  for  the 
experiment  of  tlie  third  day  in  Series  A  (Table  IT.),  it  is  seen 

that  the  mitoses  in  the  high  columnar  region  are  -^—    normal. 

2'8 
Similarly   in   the    low   columnar  region    the    mitoses    are  ^— ^ 

normal.      Since    our    desire    is    to  reduce    mitoses   in   radium 

2"8 
treatment  of  new  growths,  the  — --   is  favourable,  for  we  have 

reduced  the  proliferative    activity    to   about   a    quarter ;  the 

—    is  unfavourable,  because  actual  stimulation  has  occui-red. 
8-0 

In   considering  the   relative  values   of    difi'erent   methods   of 

applying  radium   it    is    necessary   to   appraise   the   degree   of 
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advantage   or   *lisa<lvantaife,  and    this  can    be   done  \>y  luean.s 
of  the  formula 

normal  numlier  of  mitoses  (or  plasma  cells)  ^^„ 

observed  number  of  mitoses  for  plasma  cells) 
where  100  is  arbitrarily  taken  to  indicate  normality. 
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This  has  been  done  for  the  mean  values  in  Table  II.,  and 
in  Table  TIL  they  are  presented  alonsif  with  the  values 
ascribed  to  the  general  conditions  (Table  L). 

In  spite  of  irregularities  it  may  be  said  that  the  ideal  in 
treatment  of  minimum  damage  to  normal  tissues  and  maxi- 
mum damage  to  proliferate  activity  of  the  epithelial  cells  is 
approached  the  more  heavily  the  radium  is  screened  with 
platinum.  Thus  comparing  Series  A  (-5  mm.  Pt.)  with  Series  F 
(2  mm.  Pt.)  it  is  seen  that  more  satisfactory  results  are 
obtained  with  the  heavy  screening,  not  only  in  situations 
actually  touching  the  radium  tube,  but  also  in  regions  at  a 
short  distance. 

The  same  conclusion  in  favour  of  heavy  screening  is  pro- 
duced if  we  coml)ine  the  various  totals  for  Series  A,  B,  C,  and 
compare  them   with    the   correspondingly  summed  totals   for 

Series  D,  E,  F. 

Series  A,  B,  C.  Series  U,  E,  F. 

High  Columnar  ...         ...         .503  ...  '>(\:> 

Low  Columnar  ...         ...         670  ...  81H 

Moist  Squamous         ...         ...         r/Mi  ...  (I'.)!) 

Dry  Squamous  ...         ...         s2s  ...  '.)7l 

It  we  consider  the  high  and  low  columnar  regions  alone 
as  being  those  from  which  the  uu)st  satisfactory  data  can  be 
obtained  the  o-rand  totals — 


Series 

A 

r. 

C 

L) 

K 

F 

Grand  total    ... 

32  g 

42 1 

421 

437 

449 

4 -.12 

clearly  indicate  that  the  advantage  lies  with  an  increasing 
thickness  of  the  platinum  screen. 

Whether  the  anomalous  position  of  Series  B  (in  which  the 
radium  tube  itself  was  simply  surrounded  by  2  mm.  of  paraffin) 
is  real  or  accidental  is  uncertain.  Undoubtedly  this  arrange- 
ment was  associated  v/ith  a  pronounced  effect  upon  mitosis, 
but  more  experiments  would  be  needed  before  a  screen  of 
paraffin  could  be  contrasted  with  a  screen  of  platinum. 

The  present  experiments,  however,  strongly  suggest  that, 
provided  the  ionisation  value  he  l^ept  constant,  both  from 
the  point  of  view  of  reducing  proliferative  activity  of  the 
epithelial  cells  to  a  maximum  and  from  that  of  injuring 
normal  tissues  to  a  minimum,  the  efficacy  of  radium  treatment 
of  malignant  disease  would  vary  directly  with  tlie  thickness 
of  the  platinum  with  which  the  radium  is  screened. 
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